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On  tJie  Sources  of  the  Nitrogen  of  VegetcUion ;  with  special  refer' 
ence  to  the  question  whether  Plants  Assimilaie  Free  or  Un- 
combined  Nitrogen, 

By  J.  B.  Lawes,  F.R.S.,  F.C.S. ;  J.  H.  Gilbert,  Ph.D.,  F.R.S., 
F.C.S. ;  and  Evan  Puoh,  Ph.D.,  F.C.S.* 

With  our  present  knowledge  of  the  general  composition  of 
plants,  and  of  the  sources  of  their  constitaents,  it  is  easy  to  see 
how  essential  was  a  proper  understanding  of  the  chemistry  of  the 
air,  and  of  water,  to  any  true  conception  of  the  material  changes 
involved  in  the  vegetative  process.  It  was  in  fact  between  1770 
and  1800,  that  Black,  Scheele,  Priestly,  Lavoisier,  Ca- 
vendish, and  Watt,  were  engaged  in  establishing  that  common 
air  consists  chiefly  of  nitrogen  and  oxygen,  with  a  little  carbonic 
acid, — that  carbonic  acid  is  composed  of  carbon  and  oxygen, — 
and  water  of  hydrogen  and  oxygen  ; — and  it  was  within  the  same 
period,  that  Priestly  and  Ingenhousz,  Sennebier  and  Wood- 
house,  laboured  to  show  the  mutual  relations  of  these  bodies 
and  vegetable  growth.  They  seem,  however,  to  have  had  more 
prominently  in  view  the  question  of  the  influence  of  plants  upon 
the  media  with  which  they  were  surrounded,  than  that  of  the 
influence  of  those  media  in  contributing  to  the  increased  sub- 
stance of  plants  themselves. 

Following  closely  on  the  footsteps  of  the  above  observers,  both 

*  This  paper  is  in  the  main  an  abstract  of  a  foil  report,  under  the  same  titl<3 
in  the  Fhilosophical  Transactions,  part  ii,  1861. 
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in  point  of  titne  and  general  plan  of  research,  came  De  Saussure, 
whoee  labours  were  condncted  towards  the  end  of  the  last,  and  in  the 
beginning  of  the  present,  century ;  and  their  results,  together  with 
tke  arguments  founded  upon  them,  were  published  by  him  in  1804. 
To  De  Saussure  we  owe  the  experimental,  and  even  quantitative, 
iilostration  of  the  fact,  that  plants,  in  sunlight,  increase  in  their 
amounts  of  carbon,  hydrogen,  and  oxygen,  at  the  expense  of  car- 
bonic acid  and  of  water.  Indeed,  he  concluded  that  air  and  water 
contributed  a  much  larger  proportion  of  the  dry  substance  of 
plants,  than  did  the  soils  in  which  they  grew. 

Beffldes  carbon,  hydrogen,  and  oxygen,  plants  had  already  been 
shown  to  contain  7it^ro(^0n.  Priestly  and  Ingenhousz  thought 
they  had  observed  that  plants  absorbed  the  free  nitrogen  of  the 
confined  atmospheres  in  which  they  were  placed  in  their  experi- 
ments. Sennebier  and  Woodhouse  arrived  at  an  opposite 
conclusion.  De  Saussure,  again,  thought  that  his  experiments 
indicated  rather  an  evolution  of  nitrogen  at  the  expense  of  the 
substance  of  the  plants,  than  any  assimilation  of  it  from  that 
supplied  in  the  free  and  gaseous  form.  In  fact,  he  concluded  that 
the  source  of  the  nitrogen  of. plants  was,  more  probably,  the 
nitrogenous  compounds  in  the  soil,  and  the  small  amount  of 
ammonia  which  he  demonstrated  to  exist  in  the  atmosphere. 

De  Saussure  further  maintained  the  essentialness  of  the 
incombustible  constituents  of  plants,  and  pointed  out  that  they 
were  derived  from  the  soil.  In  his  view,  the  fertile  soil  was  the  one 
which  yielded  liberally  to  the  plants,  nitrogenous  compounds,  and 
the  incombustible  or  mineral  constituents.  He  also  called  atten- 
tion to  the  probability  that  the  incombustible  or  mineral  constitu- 
ents of  plants  were  the  source  of  those  found  in  the  animals  fed 
upon  them. 

Although  there  still  remain  to  be  solved,  questions  of  vast 
scientific  as  well  as  practical  interest  regarding  the  conditions 
under  which  different  plants  take  up  their  carbon,  hydrogen,  and 
oxygen,  yet  those  who  devote  themselves  to  agricultural  chemistry 
soon  find  that  the  explanation  of  the  chemical  phenomena  of 
agricnltural  production  awaits  much  more  for  a  further  elucida- 
tion of  the  sources,  and  modes  of  assimilation,  of  their  nitrogen. 

In  1837,  Boussingault  took  up  the  subject  of  the  sources  of 
the  nitrogen  of  plants,  where  De  Saussure  had  left  it  more  than 
thirty  yesrs  before ;  being  apparently  led  to  see  the  importance  of 
a  farther  investigation  of  the  question  by  a  cor.sidertition  of  the 
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chemical  statistics  of  certain  agricultural  practices  on  the  large 
scale. 

To  the  investigations  and  conclusions  of  Boussingault,  and 
others,  reference  will  be  made  further  on  ;  but  before  doing  so,  or 
entering  upon  the  consideration  of  our  own  experimental  evidence 
regarding  the  assimilation  of  nitrogen  by  plants,  attention  wilt 
be  called  to  a  few  prominent  and  striking  facts  established  here, 
at  Rothamsted,  illustrative  of  the  amounts  of  nitrogen  yielded  by 
different  crops  over  a  given  area  of  land,  and  of  the  relation  of 
these  to  certain  measured,  or  known,  sources  of  it. 


I. — Annual  yield  of  Nitrogen  per  Acre  in  different  Crops, 

The  following  summary  table  shows  the  average  annual  yield 
of  nitrogen  per  acre,  in  the  respective  crops,  when  each  was 
grown  year  after  year  on  the  same  land,  without  manure,  or  with 
mineral,  but  without  nitrogenous  manure. 

Table  I. 


Crop. 

Seasons. 

No.  of  years. 

Nitrogen  per  acre  per  annnm. 
)b9. 

Wheat    

1844     1859 
1852—1869 
1847—1858 
1856—1862 
1845—1862 

16 

8 

12 

7 
8 

24*4  witliout  manure. 

Barley    

24-7 

Beans 

"^  *         »»             ft 
47*8 

Meadow-Hay    ... 
Turnips 

39  7        „            ,, 

42  0  with  mineral  mannm 

In  each  case,  the  land  was,  in  an  agricultural  sense,  exhausted 
before  the  commencement  of  the  experiment;  that  is  to  say,  it 
would,  in  ordinary  practice,  have  required  manure  before  growing 
another  crop. 

It  is  seen  that,  without  manure,  the  two  Graminaceous  crops 
(wheat  and  barley)  gave  an  average  of  about  24j^lbs.  nitrogen  per 
acre  per  annum;  the  Leguminous  crop  (beans)  nearly  twice  as 
much,  or  47'81bs.,  and  the  mixed  herbage  of  the  meadow-hay, 
comprising  both  Graminaceous  and  Leguminous  plants,  39-71bs. 
Lastly,  the  turnips,  with  mineral,  but  without  nitrogenous  manure, 
gave  421bs. 

In  reference  to  these  results  it  should  be  stated,  that  the  wheat 
as  yet  shows  little,  if  any,  but  the  barley  with  its  more  superficial 
range  of  roots,  more  obvious  indication  of  progressive  decline  in  the 
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anntial  yield ;  and  at  present  the  meadow  land  shows  no  signs  of 
diminntion  of  produce.  The  yield  of  the  L^nminous  crop  (beans), 
on  the  other  hand,  has  depredated  very  considerably,  the  average 
annual  yield  of  nitrogen  over  the  first  six  years  being  TOlbs.,  and 
that  over  the  concluding  six  years  only  261b6.  The  turnips, 
again,  appeared  to  have  greatly  exhausted  the  immediately  avail- 
able nitrogen  in  the  soil,  within  the  range  of  collection  of  the 
barley  plant ;  for,  on  barley  succeeding  the  ei^t  mineral-manured 
turnip  crops,  the  produce  was  only  about  three-fourths  as  much 
as  that  obtained,  in  the  same  season,  where  barley  was  grown  the 
second  year  in  succession  without  manure,  and  only  about  three- 
fifths  as  much  as  where  barley  was  grown  as  tiie  second  crop,  of 
the  second  course,  in  a  series  of  entirely  nnmanured  four-course 
rotation-crops. 

It  should  be  further  explained,  that  turnips,  grown  year  after 
year  without  manure  of  any  kind,  yield,  after  a  few  years,  only  a 
few  cwts.  of  produce  per  acre ;  that  purely  Graminaceous  crops 
have  given  very  little  gain  in  the  annual  yield  of  nitrogen  by  the 
use  of  mineral  without  nitrogenous  manures ;  but  that  Legumin- 
ous crops,  like  the  turnips  just  referred  to,  have  given  a  con- 
siderably increased  crop,  and  yield  of  nitrogen,  under  the  influence 
of  purely  mineral  manures. 

In  further  illustration  of  the  larger  amount  of  nitrogen  yielded 
over  a  given  area  in  Leguminous  than  in  Graminaceous  crops,  the 
following  remarkable  results  may  be  cited.  Red  clover  was  grown 
in  three  out  of  four  consecutive  years — the  intermediate  crop 
being  wheat — all  without  manure : — 

Tablk  IL 


Season. 

Crop. 

Nitrogen  per  acre, 
lbs. 

1st  year,  1849    

(2nd  year.  1860 

Clover 
Wheat 
Clover 
Clover 

206*8 
45*2) 
293 

3rd  year,  1851    

4th  year,  1852    

111-9 

Average  of  the  thi 

?ee  years'  clover ... 

1160 

All  further  attempts  to  grow  clover,  year  after  year,  on  this 
land,  have,  however,  failed.  Neither  ammonia-salts,  nor  organic 
matters  rich  in  carbon,  nor  mineral  manures,  nor  mixtures  of  all. 
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have  availed  to  restore  the  clover-yieldlBg  capabilities  of  the  land. 
On  the  other  hand,  it  should  be  particularly  observed  that,  after 
taking  206*81bs.  of  nitrogen  from  an  acre  in  the  clover  crop  of 
the  first  year,  the  wheat  crop  of  the  succeeding  year  was  about 
double  that  obtained  in  the  same  season  on  a  plot  which  had 
grown  the  crop  for  a  series  of  years  without  manure,  and  e^ual  to 
that  obtained  where  during  the  same  period  farm-yard  mannre 
had  been  annually  applied. 

The  following  table  shows  the  amount  of  nitrogen  obtained  per 
acre  in  wheat  grown  consecutively,  in  wheat  alternated  with  beans, 
and  in  wheat  alternated  with  fallow  : — 


Table  III. 
Period  of  Experiment  ten  years,  1860-9  inclusive. 


Beans 


) 


Wheat  I 

Wheat "» 
Beans  j 

WTieatI 
Beans  / 


ten  crops  cod-  /  Without  manure     

secuti  vely     (^  With  mineral  manure  

without     / 10  crops  consecutively  

manure       )^  5  crops  alternated  with  ftdlow 

without       f  6  crops  alternated  with  heans 
manure      \  6  orops  alternated  with  wheat 

with  mineral  f  6  crops  alternated  with  beans 
manure      \   6  crops  alternated  with  wheat 


Nitrogen  per  acre.     lbs. 


Average  annual. 


34-7 
611 

23-4 
43-9  or  21-9 

46-2  or  22*6 
48-9  or  24*5 

41-4  or  20-7 
46-4  or  22-7 


The  general  result  is  seen  to  be,  that  pretty  nearly  the  same 
amount  of  nitrogen  was  taken  from  a  given  area  of  land  in  wheat, 
in  ten  years,  whether  ten  crops  were  grown  consecutively,  five  in 
alternation  with  fallow,  or  five  in  alternation  with  beans.  In  fact, 
the  crop  of  wheat  was  increased  fiiUy  as  much  when  it  succeeded 
beans,  which  carried  off  a  large  amount  of  nitrogen,  and  of 
mineral  matter  also,  as  when  it  succeeded  fallow,  which  cmiserved 
and  increased  the  immediately  available  stores  both  of  nitrogen 
and  of  mineral  matter.  It  is  also  a  remarkable  fact,  that  additig 
nitrogenous  manures  is  found  to  have  much  the  same  efiect  in 
increasing  the  produce  of  the  wheat  crop. 

It  will  be  seen  by  the  illustrations  next  given,  that  the  experi- 
mental results  thus  far  adduced  are  consistent  with  those  obtained 
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Qtider  drcumstances  more  nearly  allied  to  those  of  ordinary  farm 
practice. 

Taking  the  results  of  sbt  8epia*ate  cbttrses  of  rotation,  Boas- 
singanlt  obtained  an  average  of  between  one^third  and  one-half 
more  nitrogen  in  the  prodnce  than  had  been  supplied  in  manure. 
His  largest  yields  of  nifcrogen  were  in  the  Legaminous  crops ;  and 
the  cereal  crops  were  the  larger,  when  they  next  succeeded  the 
removal  of  the  highly  nitrogenous  Leguminous  crops. 

In  the  experiments  on  this  point  at  Bothamsted,  the  four-course 
rotation  of  turnips,  barley,  Leguminous  crop  (or  fallow),  and 
wheat,  has  been  followed  for  twelve  years — that  is,  through  thret^ 
separate  courses, — wUhavi  mamire,^  and  the  average  annual  yield 
of  nitrogen  per  acre  was  42-61b8.  The  second  and  third  courses 
gave,  however,  much  less  than  the  first,  and  hence,  a  smaller 
average  per  annum  than  that  stated  for  the  twelve  years ;  the 
reduction  being  due  to  the  &lling  off  in  the  produce  of  the  turnips, 
and  of  the  Leguminous  crop,  whilst  that  of  the  barley  and  wheat 
has  hitherto  been  fully  maintained.  The  average  yield  of  the 
twelve  years  is  nearly  twice  as  much  as  was  obtained  in  wheat 
or  barley,  grown  year  after  year,  on  the  same  land,  without 
manure;  and  that  of  the  last  eight  years  even  is  considerably 
greater  than  the  lonount  so  obtained.  The  greatest  yield  of 
nitrogen  was  in  the  clover,  which  constituted  the  Leguminous 
crop  of  the  first  course ;  and  the  wheat-crops  obtained  after  this 
clover,  and  after  the  beans  in  the  second  and  third  courses,  were 
about  double  as  much  as  the  average  where  wheat  has  been  grown 
succeeding  wheat  without  manure,  and  about  equal  to  the  average 
obtained  by  farm-yard  manure  every  year,  or  when  wheat  was 
grown  after  fallow,  or  after  beans  in  the  experiments  last  re- 
ferred to. 

The  general  result  is,  that,  when  grown  year  after  year  on  tho 
same  land  without  manure,  Graminaceous  crops  gave  about  24j^lbs. 
of  nitrogen  per  acre  per  annum,  and  Leguminous  crops  much  moro. 
Nevertheless,  the  Graminaceous  crop  was  nearly  doubled  when 
preceded  by  a  Leguminous  one;  and  it  was  also  about  doubled 
when  preceded  by  fallow.  Lastly,  a  series  of  entirely  unmanured 
rotation-crops  yielded  considerably  more  nitrogen  than  the  con- 
tinuously grown  unmanured  Graminaceous  crops. 

Further,  the  highly  nitrogenous  Leguminous  crops  were  found 

*  The  16th  oro|s  that  is  the  Ust  orop  of  the  4th  course,  is  now  growing,  Marcht 
1S63. 
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to  be  comparatively  little  benefited  by  tbe  direct  application  of 
latrogeaous  manures  in  the  form  of  ammoniaHsalts  (though  they 
are  more  &o  by  nitrates),  but  considerably  by  mineral  manures ; 
whilst  the  cereals  (wheat  and  barley),  which  yield  a  compara- 
tively small  amount  of  nitrogen,  were  much  increased,  both  in 
amount  of  crop  and  yield  of  nitrogen  per  acre,  by  nitrogenous, 
but  very  little  by  mineral  manures. 

But,  when  the  growth  of  crops  (particularly  the  cereals)  is  in- 
creased by  the  direct  application  of  nitrogenous  manures,  the 
increased  yield  of  nitrogen  over  a  series  of  years,  bears  a  com- 
paratively small  proportion  to  the  amount  supplied  in  manure,  as 
the  following  results  will  show : — 

Table  IV. 


Crops. 

Number  of  years. 

Increased  Nitrogen  in  produce  for  100 
^                      in  Mannre. 

Wheat 

6 
6 
7 

430 

Barley.. 

42-5 

Meftdow-HEV.... 

44-8 

Thus,  over  a  period  of  six  years,  the  increased  yield  of  nitrogen 
in  the  wheat  crop  (compared  with  that  without  manure)  amounted 
to  43,  and  in  the  barley  crop  to  42j^,  per  cent,  of  that  supplied  in 
manure;  and  it  should  be  added,  that  the  remainder  does  not 
appear  to  exist  in  the  soil  available  for  an  immediately  succeeding 
crop  :  for  it  has  jfrequently  been  found  that  when  an  increased  yield 
of  nitrogen  has  been  obtained  in  the  season  of  application  equal 
to  about  40  per  cent,  of  that  supplied,  the  increase  in  the  succeed- 
ing year,  even  with  the  aid  of  mineral  manures,  has  only  been 
equal  to  about  one-tenth,  of  the  remainder. 

In  the  case  of  the  mixed  herbage  of  the  permanent  meadow, 
the  increased  yield  of  nitrogen  was  slightly  higher  in  proportion 
to  that  supplied  than  with  the  cereals.  In  Leguminous  crops  it 
is  found  to  be  even  somewhat  less;  whilst  root-crops  (turnips) 
seem  to  gather  up  nitrogen  in  somewhat  larger  proportion  to  that 
supplied. 

Let  it  be  assumed  that  the  increased  yield  of  nitrogen  approxi- 
mately repreeent/S  the  proportion  of  that  supplied  by  manure  which 
is  recovered  in  the  crop,  and  the  question  arises  what  becomes  of 
the  unrecovered  amount  ? 

It  may  in  part  be  drained  away  and  lost.     The  nitrogenous 
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compounds  may  be  transformed  within  the  soil,  and  their  nitrogen, 
in  some  form,  evaporated ;  or  they  may  for  the  most  part  remain 
in  the  soil  in  some  fixed  combination,  to  be  yielded  up  only  in  the 
course  of  a  long  series  of  years.  Ammonia,  or  nitrogen  in  some 
form,  may  be  given  off  from  the  surface  of  the  growing  plant. 
Or  there  may  be  simply  an  unfavourable  distribution  of  the  sup- 
plied nitrogen  within  the  soil  for  the  immediate  crop ;  and  the 
Lieguminous  crop,  alternating  with  the  Graminaceous  one,  may 
gather  from  a  more  extended  range,  and  leave  a  residue,  or  allow 
the  accumulation,  of  assimilable  nitrogen  within  the  range  of 
collection  of  the  crops  which  succeed  it. 

These  considerations  lead  us  to  the  next  branch  of  our  subject, 
namely — 

II. — The  actual  or  possible  Sources  of  the  Nitrogen  of  our  Crops. 

The  following  actual  or  possible  sources  of  the  nitrogen  of  our 
crops,  beyond  that  supplied  in  manure,  may  be  enumerated : — 

1.  The  nitrogen  in  certain  constituent  minerals  of  the  soil, 
especially  the  ferruginous  and  aluminous,  and  certain  nitrides. 

2.  The  combined  nitrogen  annually  coming  down  in  the  aqueous 
depositions  of  the  atmosphere: — (a)  as  ammonia;  {h)  as  nitric 
acid  ;  (c)  as  organic  corpuscles,  &c. 

3.  The  accumulation  by  the  soil  of  combined  nitrogen  from  the 
atmosphere : — (a)  by  surface  absorption  aided  by  moisture  ;  (6) 
by  the  chemical  action  of  certain  mineral  constituents  of  the  soil ; 

(c)  by  the  chemical  action  of  certain  organic  compounds  in  the 
soil. 

4.  The  formation  of  ammonia,  in  the  soil  or  the  atmosphere, 
from  free  nitrogen  (the  so-formed  ammonia  either  remaining  as 
such,  or  being  oxidated  into  nitric  acid). 

5.  The  oxidation  of  free  nitrogen : — (a)  by  electric  action  ; 
(b)  with  common  oxygen,  in  contact  with  porous  and  alkaline 
substances ;  (c)  under  the  influence  of  ozone,  or  nascent  oxygen  ; 

(d)  under  that  of  evaporation,  and  combustion,  as  recently  sup- 
posed by  Schoenbein — ammonia  at  the  same  time  being  formed. 

6.  The  direct  absorption  of  combined  nitrogen  from  the  atmo- 
sphere by  plants  themselves. 

7.  The  assimilation  of  free  nitrogen  by  plants. 

A  very  few  observations  may  be  offered  on  each  of  these  actual 
or  possible  sources  of  the  nitrogen  of  vegetation.  : 

( 1 .)  The  combined  nitrogen  of  certain  of  the  constituent  minerals 
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from  which  soils  are  derived,  cannot  be  considered  an  adequate 
source  of  the  nitrogen  annually  carried  off  in  the  vegetable  produce 
of  the  land. 

(2.)  The  combined  nitrogen  coming  down  in  the  aqueous  de- 
posits of  rain,  hail,  snow,  mists,  fog,  and  dew,  part  of  which  is  the 
return  from  previously  existing  generations  of  plants  or  animals 
elsewhere,  and  part  the  product  of  new  formation,  does  undoubt- 
edly contribute  materially  to  the  annual  yield  of  nitrogen  in  our 
crops ;  and  being  a  source  comparatively  easily  estimated,  it  has 
been  the  subject  of  a  good  deal  of  experimental  investigation ; 
more  particularly  by  Boussingault,  Barral,  Way,  and  two  of 
ourselves,  and  by  others  on  a  more  limited  scale. 

The  following  table  shows  the  amount  of  nitrogen  coming  down 

as  ammonia  and  nitric  acid  in  the  total  rain,  hail,  snow,  and  some 

of  the  minor  deposits,  during  the  years  1853,  1855,  1856,  here  at 

Bothamsted,   the  nitric  acid  being  in   all  cases  determined  by 

Mr.  Way,  and  the  ammonia  in  some  cases  by  him,  and  in  others 

by  ourselves. 

Table  V. 


Nitrogen  per  acre,  pet  annum,   lbs. 

1858. 

1855. 

1856. 

Mean. 

As  ammonia 

As  nitric  acid  

5-67 
(not  determined.) 

6-86 
0-77 

7-85 
0-73 

6-46 
0-76 

Total 

6-63 

8-58 

7*21 

It  is  seen  that  the  available  combined  nitrogen  so  estimated,  is 
competent  to  supply  but  a  small  proportion  of  that  annually  re- 
moved from  an  acre  of  land  in  different  crops.  Nor  does  it  appear, 
from  the  results  of  Boussingault,  that  the  amounts  of  combined 
nitrogen  deposited  by  dew  are  such,  that  were  correction  made 
for  the  larger  proportion  so  received  by  the  soil,  or  the  vegetation 
covering  it,  than  was  included  in  our  collected  and  analysed 
aqueous  deposits,  any  material  modification  in  our  approximate 
estimates  would  be  required. 

(3.)  The  amounts  of  combined  nitrogen  accumulated  by  the  soil 
from  the  atmosphere,  by  surface  absorption,  or  chemical  action 
(whether  due  to  restoration  or  to  new  formation),  probably  con- 
stitute a  considerable  proportion  of  that  annually  available  for 
vegetation  over  a  given  area.     Numerous  investigations  have  been 
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undertaken,  by  ourselves  and  others,  to  determine  the  capacities 
for  absorption  of  different  soils,  or  constituents  of  soils;  but, 
unfortunately,  quantitative  results  obtained  in  tlie  laboratory  do 
not  admit  of  direct  and  certain  application  to  the  estimation  of 
the  amount  of  combined  nitrogen  so  fixed  to  a  given  depth,  over  a 
given  area,  within  a  given  time. 

(4  and  5.)  The  circumstances  of  the  formation  of  ammonia,  or  of 
oxides  of  nitrogen,  from  gaseous,  dissolved,  or  nascent  nitrogen,  are 
at  present  the  subject  of  much  conflicting  statement ;  the  various 
assumed  actions  being,  as  yet,  by  no  means  all  clearly  established 
qualitatively,  and  still  less  quantitatively.  Moreover,  here  again, 
laboratory  results  would  be  difficult  of  application  to  the  estimation 
of  the  probable  amount  of  the  nitrogen  of  vegetation  due  to  such 
sources.  To  some  of  the  actions  in  question  further  reference  will, 
however,  be  made. 

(6.)  There  is  little  of  either  qualitative^r  quantitative  evidence 
in  reference  to  the  absorption  of  ammonia,  or  other  compounds  of 
nitrogen,  from  the  air  by  plants  themselves.  Some  vegetable 
physiologists,  indeed,  maintain  that  the  leaves  of  living  plants  have 
not  the  function  of  absorption  from  the  atmosphere,  but  only  the 
converse  one  of  evolution  into  it.  Still,  a  few  observations  may  be 
offered  in  connexion  with  the  point  in  question. 

Ripened  cereal  crops  (wheat  or  barley)  contain  1  part  nitrogen 
to  about  30  carbon,  and  Leguminous  crops  (beans,  &c.)  1  part 
nitrogen  to  15  or  fewer  of  carbon.  The  atmosphere  contains 
about  1  part  carbon  as  carbonic  acid  to  10,000  of  air;  and  it 
may  be  assumed,  for  illustration,  to  contain  not  more  than  1  part 
nitrogen  as  ammonia  to  12,000,000  of  air;*  or  1,200  times  less 
nitrogen  as  ammonia  than  carbon  as  carbonic  acid. 

On  these  assumptions  the  ambient  atmosphere  contains  a  pro- 
portion of  nitrogen  as  ammonia  to  carbon  as  carbonic  acid, 
40  times  less  than  that  of  nitrogen  to  carbon  in  cereal  produce, 
and  80  times  (or  more)  less  than  that  in  Leguminous  produce. 

Hence,  in  point  of  actual  qtiantity  merely,  the  ammonia  in  the 
atmosphere  would  seem  very  inadequate  to  yield  nitrogen  in  a 
degree  corresponding  to  the  yield  of  carbon  by  carbonic  acid ;  nor 
does  it  appear,  from  observations  hitherto  recorded,  that  the 
nitrogen  existing  in  the  atmosphere,  in  combination  with  oxygen, 
would  add  much  to  that  existing  as  ammonia. 

*  The  amounts  recorded  by  different  obserrers  range  from  20  76  to  0*021 
ammonia  per  million  of  air. 
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But  water  would  absorb  very  much  more  nitrogen  as  am- 
monia, or  dissolve  very  much  more  as  carbonate  or  bicarbonate 
of  ammonia,  than  it  would  of  carbon  as  carbonic  acid,  under  equal 
circumstances.  In  illustration,  it  may  be  mentioned  that  water  at 
60**  F.  (about  15*5  C),  would,  at  the  normal  pressure,  absorb  about 
850  times  as  much  nitrogen  in  the  form  of  ammonia  as  carbon  in 
carbonic  acid ;  and,  under  eqaal  circumstances,  very  many  times 
more  nitrogen  as  carbonate  or  bicarbonate  of  ammonia  would  be 
dissolved,  than  there  would  be  of  carbon  as  carbonic  acid  absorbed. 
There  would  appear  to  be,  then,  a  compensating  quality  for  the 
small  actual  and  relative  amount  of  nitrogen  as  ammonia  in  the 
atmosphere,  in  the  greater  absorbability,  or  solubility,  of  the  com- 
pounds in  which  nitrogen  exists,  than  of  the  carbonic  acid  in 
which  the  carbon  is  presented.  How  far  the  proportion  of  the 
nitrogen  to  the  carbon  available  from  the  atmosphere  in  the  com- 
bined form,  may  be  retrily  thus  influenced  under  the  actual  con- 
ditions of  vegetation,  is  a  question,  the  numerous  and  intricate 
bearings  of  which,  we  do  not  profess  here  to  enter  upon. 

One  or  two  further  observations  may,  however,  be  made  as  to 
the  bearing  of  the  actual  facts  of  agricultural  production  on  the 
point  under  consideration.  Thus,  Graminaceous  crops  certainly 
depend  very  materially  upon  combined  nitrogen  within  the  soil, 
but  are  comparatively  independent  of  carbonic  acid  yielded  by 
manure  in  the  soil ;  whilst  Leguminous  ci*ops  are  at  any  rate  much 
less  benefited  by  the  direct  application  of  nitrogenous  manures, 
from  which  it  might,  perhaps,  seem  that  they  were  more  able  to 
avail  themselves  of  nitrogen  supplied  in  some  way  by  the  atmos- 
phere, and  possibly  by  the  aid  of  their  green  parts.  Even  should 
this  be  the  case,  it  can  hardly  be  to  a  greater  mere  extent  of  svrface 
above  ground,  that  the  result  is  to  be  attributed.  Thus,  a  bean 
and  a  wheat  crop  may  yield  equal  amounts  of  dry  matter  per  acre, 
but  the  bean-produce  would  contain  2  to  3  times  more  nitrogen, 
although  approximate  measurements  show  that  the  wheat  plant 
offers  a  gre-ater  external  superficies  in  relation  to  a  given  weight 
of  dry  substance,  and,  therefore,  greater  still,  of  course,  to  a 
given  amount  of  nitrogen  fixed.  If,  therefore,  the  bean  can 
in  some  way  assume  more  nitrogen  from  atmospheric  sources  than 
the  wheat  crop,  the  result  must  be  due  to  character  and  function^ 
rather  than  to  mere  extent  of  surface  above  ground.  In  con- 
nexion with  this  point  it  may  be  observed,  more  particularly  with 
reference  to  the  crops  that  are  grown  for  their  ripened  seed,  that 
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the  Legaminoua  crops,  however,  generally  maintain  their  green 
and  snocolent  sarface,  in  relation  to  a  more  extended  period  of 
the  season  of  active  growth,  than  do  the  Graminaceous  crops. 

(7.)  Assimilation  of  free  or  uncombined  Nitrogen  by  Plants, — 
From  the  above  brief  review,  it  appears  that  those  sources  of  com- 
bined nitrogen  to  plants  which  have  as  yet  been  quantitatively 
estimated,  are  inadequate  to  account  for  the  amounts  obtained  in 
the  annual  produce  of  a  given  area  of  land  beyond  that  attribu- 
table to  previous  manuring;  whilst  those  which  have  not  yet 
been  quantitatively  estimated  (if  even  fully  established  qualita- 
tively) offer  many  practical  difficulties  in  the  way  of  any  such 
investigation  of  them  as  would  afford  results  directly  applicable  to 
our  present  purpose.  It  seemed,  therefore,  desirable  to  endeavour 
to  settle  the  question,  whether  or  not  that  vast  storehouse  of  • 
nitrogen,  the  atmosphere,  in  which  vegetation  is  seen  to  live  and 
flourish,  be  of  any  measurable  avail  to  the  growing  plant,  so  far 
as  its  uncombined  nitrogen  is  concerned. 

The  settlement  of  this  question  would  indicate  the  degree  of 
importance  to  be  attached  to  other  points,  of  inquiry.  Were  it 
found  that  plants  generally,  or  some  more  than  others,  assimilated 
free  nitrogen,  much  would  be  gained  towards  the  explanation  of 
certain  chemical  facts  of  agricultural  production;  it  would  be 
established  that  vegetation  had  the  attribute  of  effecting  chemical 
combinations  with  an  element  the  most  reluctant  to  associate  itself 
with  other  bodies  in  obedience  to  laboratory  processes,  and  apt  to 
rid  itself  of  connections  once  formed,  in  the  most  violent  manuer ; 
and  we  should  be  able  more  satisfactorily  to  account  for  the  large 
actual  amount  of  combined  nitrogen  existing  and  circulating  in 
land  and  water,  in  animal  and  vegetable  life,  and  in  the  at- 
mosphere. 

Moreover,  the  question  of  the  assimilation  of  free  nitrogen  by 
plants,  has,  of  late  years,  been  submitted  to  an  immense  amount 
of  research  by  numerous  experimenters,  and  from  the  results  very 
different  conclusions  have  been  arrived  at.  Hence,  too,  it  seems 
desirable,  before  entering  upon  the  discussion  of  our  own  experi- 
mental evidence  on  the  point,  to  pass  in  review  the  methods, 
results,  and  conclusions  of  others,  more  particularly  those  of 
M.  Boussingault  who  questions,  and  of  M.  George  Ville  who 
affirms,  the  assimilation  of  free  nitrogen  by  plants ;  and  as,  so  far 
as  we  are  aware,  the  experiments  of  these  other  investigators  have 
as  yet  been  only  very  briefly  noticed  in  English  Scientific  Journals, 
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we  propose  to  give  a  somewhat  fuller  account  of  them  than  would 
otherwise  have  been  necessary  or  appropriate. 


III. — The  reRea/rches  of  others,  on  the  qvsdion  of  the  assinUlation 
of  free  Nitrogen  by  Phrnts,  and  some  aUied  points. 

De  Saussure,  and  his  predecessors,  sought  to  solve  the  ques- 
tion whether  plants  assimilate  free  or  uncombined  nitrogen,  by 
determining  the  changes  undergone  in  the  composition  of  limited 
volumes  of  air  by  the  vegetation  of  plants  within  them.  Bous- 
singault  pointed  out  that  their  methods  were  not  fitted  to  attain 
the  end  in  view.  The  general  plan  instituted  by  himself,  and 
adopted  with  more  or  less  modification  in  most  subsequent  re- 
searches, was : — 

To  set  seeds  or  plants,  the  amount  of  nitrogen  in  which  was 
estimated  by  the  analysis  of  carefully-chosen  similar  specimens. 

To  employ  soils  and  water  containing  either  no  combined 
nitrogen,  or  only  known  quantities  of  it. 

To  allow  the  access,  either  of  free  air  (protecting  the  plants 
from  rain  and  dust),  of  a  current  of  air  freed  by  washing  from  all 
combined  nitrogen,  or  of  a  fixed  and  limited  quantity  of  air,  too 
small  to  be  of  any  avail  so  far  as  its  compounds  of  nitrogen  were 
concerned.     And  finally — 

To  determine  the  amount  of  combined  nitrogen  in  the  plants 
produced,  and  in  the  soil,  pot,  &c.,  and,  so,  to  provide  the  means 
of  estimating  the  gain  or  loss  of  nitrogen  during  the  course  of  the 
experiment. 

M.  BoussingauWs  Experiments. 

The  following  table  gives  a  summary  of  the  results  of  M. 
Boussingault's  experiments  from  1837 — 1858,  inclusive,  on 
the  question  of  the  assimilation  of  free  nitrogen  by  plants ;  also 
a  brief  reference  to  the  conditions  under  which  the  results  were 
obtained : — 
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Table  VI. 
Summary  of  ths  remltt  of  M,  Bouasingault^a  Experiments. 


Flanta. 


No. 

of 

seeds. 


Fviod 
of 

growth;! 


Not€& 


weeks* 


Grammes. 


Seeds 

or 
Plants. 


Frodaoe, 


Dry. 


Kitrogen 


In  seeds 
plaDts). 


In 
Products.* 


I887 :  Bnmt  soil ;  distilled  water ;  free  air ;  in  closed  summer-housa** 


TrefoQ   

87 

46 

8 
18 

8 
13 

Pine  green,  but  meagre. 

Much  foliage,  part  withered. 

Weak  and  sltaider. 

Lower  leaves  dead. 

S-OOQ 
S-000 
1-526 
S-018 

8-818 
6-288 
S-300 
4-256 

01100 
0-1140 
0-0430 
0-0670 

0-1800 
0-1560 
0-0400 
0i)600 

+0*0100 

TrefoQ    

+0*0430 

Wheat    

— 0-0U80 

Wheat    

+0-0090 

1838 :  OoDditions  as  in  1837.  f 

Ptas   

5 
8 

4 

14 
9 
7 

Flowers  and  seed. 
Flowered. 
Ripe  seeds. 

1*211 

1-1171 

1-8891 

4-821 
2-754 
8-484 

0HH60 
OK)880 
0K)590 

0-1010 
0-0560 
0K)530 

+0-0650 
+0-0380 
-0-0060 

TrrfoQ  (plants)  

Oats(pl»nU)   

1681  and  *5S :  Washed  and  Ignited  pnmioe  with  ashes ;  distilled  water ;  limited  air ;  under  glass  shade ;  with 

carbonic  acid.  % 


Haricot,  1851 
Oau,  1851 .. . 
Hsrloot»186S 
Haricot,  186S 
Oats,185S... 


1 

8 

10 

8 

1 

18 

1 

18 

4 

11 

Kasoent  flowers. 
Small  pale  leaves. 

Oood  growth. 

Open  flowei-8. 

Burs  shogting. 


0*780 
0-877 
0-580 
0-618 
0-138 


1-870 
0-540 
0-890 
1-130 
0*440 


0  0849 
0*0078 
0-0210 
0M245 


0-0840 
01K)«7 
0-0189 
0-0226 
0^)080 


-0H)009 
•00011 
•0-0021 
■0K)019 
■O-OOOl 


1853 :  Prepared  pumioe,  or  burnt  brick,  with  ashes ;  dlstired  water ;  limited  air ;  in  glass  globe ;  with 

carbonic  acid.  % 


White  hipin 

noi     doT 

Do.     do.  

Do.    do.  

Do.     do.  

Dvarf  Harioo*^ 

Do.     do 

^'Srden cress. •••.. ..  4 
Wbitelupliis    i 


6 

8 

7i 

6 

7 

9 

11 

15 

10 

s 

19 

8 

yigorous  growth. 
Yexy  fine  foliage. 

0-825 

1-820 

0-0480 

0K)483 

+0-0008 

S-202 

6-730 

0-1882 

0-1246 

-0-0086 

Very  vigorous. 

0-600 

1-950 

0-0349 

0^339 

-0-0010 

The  finest  obtained. 

0-348 

1-060 

0-0800 

0-0804 

+0H)004 

Very  active  growth. 

O^W 

1-530 

0K)899 

0H)897 

-0i)002 

Nascent  flowers. 

0798 

S-360 

0H)854 

0D380 

+0i)006 

Open  flowers. 

0-665 

8-800 

0-0898 

01J277 

-0<)021 

3   grew,  flowered  and 
seeded;  10  died. 

OHMS 
fr026 

0H)65 

0-0013 

0-0018 

0-0000 

8  to  grow,  8as  manure : ) 
vegetation  maguiflcent.  i 

0-627 
S-51S 

15*760 

0-1887 

Qrl697 

-0-0180 

li^ :  Prepared  pumice  with  ashes :  distilled  water ;  onnrent  of  washed  air ;  and  oarboalo  acid ;  in  glased  case.} 


Lnpio 

Duvf  Haricot 

Da      do. 

Do.      do. 

Do.      dou 
La  pin 

Do. 

Cwi 


H 

10 

18i 

15 

14 

T 

43 

11 

11  leaves,  some  blackish. 

Opien  flowers. 

Rll)ened  seedsL 

1  small  ripe  seed. 

8  ripe  seeds. 

f  1  to  grow,  1  as  manure ;  > 

i     very  fine  plant.  j 

1 30  grew,  12  as  manure ; ) 

1     seeded.  j 


0-887 
0-780 
0-748 
0-755 
1*510 
0-810 

o-soo 

0*100 


3-140 
8*000 
8-847 
8-840 
5-160 
1-780 

0-588 


0-0196 
0-0829 
0-0385 
0-0339 
0-0676 
01)180 
0-0176 

01)046 


0-0187 
01)825 
0-0341 
0D389 
0D666 

0-0884 
0-005S 


-0D009 
+0-0008 
+00006 
-ODOIO 
-0*0010 

-0D081 
+0D00e 


*  In  the  case  of  the  1837  and  1838  experiments,  the  nitrogen  "  In  Products  "  seems  to  have  Indnded  on^  that 
in  the  planta ;  in  all  other  cases  that  in  plants  and  soil,  or  plants,  soil,  and  pot. 
••  Ann.  Ch  Phys.,  [S,]  Ixvii,  (1838).  t  ^^^t  ^^x*  X  ^^'  C^  '^^J^t  C>i]  Xli,  (1854). 

I  Ajib.  Ch.  Fhys.,  sir.  [3,]  xliii,  (1855).  |  Dry. 
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Tablb  YI  {continued). 


FlanU. 


No. 

Period 

of 

of 
growth ; 

BeedB. 

weeks. 

Notes. 


Grammes. 


Seeds 

or 
PUuts. 


Produce, 
Dry, 


Nitrogen. 


In  seeds 

(or 
plants). 


In        I    Qtdn 
products.*  I  or  loss. 


1851,  *53,  '68,  and  '64 :  Prepared  soil,  or  pumice  with  ashes ;  distilled  water ;  free  air,  under  glased  caige.** 


H&rlcot  (dwarf),  1861 . . 

Haricot,  1862    

Do.      1868    

Haricot  (dwarf),  1864 . . 
Lupin  (white),  1868   .. 

Do.      1864    

Do.       1864    

Oats,  1863 

Wheat.  1863 

Oarden cress,  1864  .... 

Hellanthus   | 


6 

SIO 


16 

18 
11 
10 
IS 
19 
8 
16 

16 

8 


f  Flowered  and  one  im- ) 

1  perfect  seed.  t 

Flowered  and  a  pod. 

7  flue  flowers. 
4  fine  flowers. 

Very  fine,  11  leaves. 
Vigorous  tluroughout. 

8  leares  each. 
Stems  slender,  ripe  ears. 

( 1  died ;  others  11  leaves  | 

t  each.  [ 

146  plants,  each  seeded. 


0-780 

0-637 
0-655 
0-710 
0-368 
0-34L 
0-630 
0-151 

0*293 

0-600 


2-170 

2-110 
2-720 
2-3(X) 
1-685 
1-960 
2-180 
0-670 

0-900 

2*225 


0K>349 

0-0218 
0-0293 
0-0318 
0-0214 
0-0199 
0-0367 
0-OUSl 

0-0064 

0-0269 


0-0380        +0*0031 


0-0238 
0-0270 
0-0850 
0-0256 
0H)229 
0-03K7 
0-0041 

0*0075 

0-0272 


-O-OOM 
+0-4X139 
+  0-0042 
+0-0030 
+  O-O020 
+0i»10 

+0W11 

+  0-00J3 


1858  :  Nitrate  of  potash  as  manure,  f 


2 
2 


13 
18 


Flowered. 
Flowered. 


0-118 
0-1L6 


1-168 
2120 


0-0144* 
0K)266$ 


0K)130 
0-0246 


-0<W14 
-OHWIO 


In  Boussingault's  experiments  in  1837  and  1838,  he  grew 
his  plants  in  burnt  soil,  watered  them  with  distilled  water,  allowed 
free  acxiess  of  air,  but  kept  them  protected  from  rain  and  dust  in 
a  summer  house.  The  tabulated  results  show  that  the  dry  sub- 
stance of  the  produce  was  always  much  more  than,  and  sometimes 
several  fold  that  of  the  seeds  sown,  or  plants  planted,  indicating 
therefore,  considerable  growth,  and  consequent  gain  of  carbon, 
hydrogen,  and  oxygen.  They  also  show  that  in  the  case  of  the 
Leguminous  plants,  trefoil  and  peas,  there  was  a  gain  of  nitrogen 
varying  from  10  to  55  milligrammes  in  the  several  experiments ; 
whilst  in  that  of  the  Graminaceous  ones,  wheat  and  oats,  in  one 
instance  there  was  a  loss,  and  in  another  a  gain  of  3  milli- 
grammes ;  and  in  another  a  loss  of  6  milligrammes  of  nitrogen. 

M.  Boussingault's  conclusions  from  the  above  results  were  in 
substance  as  follow  : — That  certain  plants  seem  adapted  to  take  up 
nitrogen  in  the  atmosphere,  but  that  it  was  a  question  under 
what  circumstances,  and  in  what  state,  the  nitrogen  was  fixed. 
He   submitted — that  the  nitrogen  might  enter  directly  into  the 

*  In  the  experiments  of  1851,  1852,  1853,  1854,  and  1858,  the  nitrogen  '*  In 
Products  **  included  that  in  plants  and  soil,  or  plants,  soil,  and  pot. 
**  Ann.  Ch.  Phys.,  s^r.  [3]  xliii.  (1855). 
f  Compt.  rend.,  xlvii.  (1868). 
J  Nitrogen  in  Beed  and  nitrate. 
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organism  of  the  plant,  provided  its  green  parts  were  adapted  to 
fix  it ;  that  it  might  be  conveyed  into  the  plant  in  the  aerated 
water  taken  up  by  its  roots ;  that  there  may  exist  in  the  atmo- 
sphere an  infinitely  small  lunonnt  of  ammoniacal  vapoor.  He 
fnrther  suggested,  that  the  gain  of  nitrogen  beyond  that  supplied 
in  manure,  which  he  had  observed  in  agricultural  production,  and 
which  he  thought  came  from  the  atmosphere,  might  be  partly  due 
to  nitrate  of  ammonia  produced  by  electric  action  and  brought 
down  by  rain. 

In  1851  and  1852,  Boussingault  confined  his  plants  (in  pots) 
in  limited  volumes  of  air  under  glass  shades  of  about  35  litres' 
capacity,  which  rested  in  lutes  of  sulphuric  acid,  with  tubes 
passing  under  for  the  supply  of  carbonic  acid  and  water.  Pumice- 
stone,  coarsely  powdered,  washed,  ignited,  and  cooled  over  sul- 
phuric acid,  served  as  soil,  to  which  ash,  from  farm-yard  manure 
and  from  seed  of  the  kind  to  be  sown,  was  added.  In  each  year 
haricots  and  oats  were  grown,  and  tiie  table  shows  that  the  haricots 
increased  a  good  deal  in  dry  substance,  and  in  two  out  of  three 
cases  advanced  to  flowering,  and  some  of  the  oats  shot  forth  ears.' 
There  was,  however,  in  every  case,  both  with  haricots  (Legumin- 
ous) and  oats  (Graminaceous),  a  slight  loss  of  nitrogen,  varying 
from  ^ik  of  a  mUUgramme  to  2  miUigrammes. 

In  1853,  the  enclosing  apparatus  was  a  large  globe  or  carboy  of 
white  glass,  of  70 — 80  litres'  capacity.  At  the  bottom,  prepa^red 
pumice  stone  (or  burnt  brick),  and  ashes,  served  as  soil,  which  was 
watered  with  distilled  water,  and  then  the  seeds  were  sown.  The 
neck  of  the  vessel  was  then  closed  with  a  cork,  through  a  perfora- 
tion in  which  a  flask  of  carbonic  acid  was  inverted,  whose  aperture, 
opening  into  the  globe  was  somewhat  contracted.  Finally,  access 
of  air  was  excluded  by  bandages  of  caoutchouc  which  rendered  the 
whole  apparatus  air-tight. 

In  such  apparatus,  M.  Boussingault  made  five  separate  ex- 
periments with  white  lupins,  all  of  which  grew  more  or  less 
luxuriantly,  and  gained  considerably  in  dry  substance ;  but  in  no 
case  was  there  as  much  as  a  milligramme  of  nitrogen  gained  ;  in 
three  out  of  the  five  cases  there  was  a  slight  loss,  in  one  instance 
amounting  to, '0036  gn^mme.  Two  experiments  were  made  with 
dwarf  haricots,  in  both  of  which  the  gain  of  dry  substance  .was 
considerable,  and  in  one  nascent,  and  in  the  other  open  floweri 
were  developed ;  but  in  one  case  there  was  a  gain  of  only  *0006 
fprBmmef  and  in  the  other  a  loss  of  *0021  gramme  of  nitrogen. 
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In  an  experiment  with  garden  cress,  in  which  three  seeds  grew 
and  ten  served  as  manure,  abundant  seed  was  produced,  but  there 
was  neither  gain  nor  loss  of  nitrogen.  Lastly,  in  an  experiment 
with  white  lupins,  in  which  two  seeda  were  sown  to  grow,  and  eight 
served  as  manure,  the  vegetation  was  very  fine ;  but  there  was  a 
loss  of  'OlS  gramme  of  nitrogen,  attributed  by  Bonssinganlt  to 
free  nitrogen^given  oflF  in  the  decomposition  of  the  organic  matter 
supplied  as  manure.  In  such  an  apparatus,  then,  eight  experi- 
ments were  made  with  Leguminous  plants,  in  most  of  which  there 
was  a  loss  rather  than  a  gain  of  nitrogen. 

To  ascertain  whether  the  limitation  of  growth  in  the  closed 
vessels  was  due  to  the  limitation  in  the  amount  of  air,  Boussin- 
gault  sowed  cress  under  otherwise  equal  conditions,  but  in  a  good 
soil,  and  the  result  was  even  more  luxuriant  growth  than  in  a 
similar  soil  in  the  open  air. 

In  1854,  Boussingault  grew  a  number  of  pots  of  plants  in  a 
metal-framed  glass  case  of  124  litres'  capacity,  through  which,  by 
means  of  an  aspirator  of  500  litres,  he  passed  a  current  of  air, 
washed  first  through  sulphuric  acid  and  then  water.  He  also 
supplied  carbonic  acid,  generally  equal  in  amount  to  from  two  to 
three  per  cent,  of  the  atmosphere  of  the  apparatus ;  and  distilled 
water  was  also  supplied  when  needed.  Prepared  pumice,  with 
ashes,  served  as  soil. 

Two  pots  of  lupins,  four  of  haricots,  and  one  of  crees,  were 
grown  in  such  an  apparatus.  The  increase  in  dry  substance  was 
in  all  cases  considerable ;  and  in  some  cases  flowers,  and  in  others 
ripe  seeds  were  developed.  In  no  case  was  there  a  gain  of  nitro 
gen  amounting  to  one  milligramme;  and  in  four  out  of  the  seven 
there  was  a  slight  loss,  amounting,  in  one  instance,  where  a  lupin 
had  served  as  manure,  to  '0021  gramme. 

Here,  then,  with  a  current  of  air,  and  with  Leguminous  plants, 
in  six  out  of  seven  experiments,  there  was,  upon  the  whole,  a  loss 
rather  than  a  gain  of  nitrogen. 

In  1851, 1852, 1853,and  1854, contemporaneously  with  the  three 
series  of  experiments  last  described,  Boussingault  grew  plants, 
80  covered  with  a  glazed  cage  as  to  exclude  rain,  or  any  material 
amount  of  dust,  but  allowing  the  free  access  of  the  external  air. 
Haricots,  lupins,  oats,  wheat,  and  cress,  were  so  grown.  The 
vegetation  was  in  most  cases  vigorous.  In  several  cases  flowers, 
and  in  some  seeds,  were  developed.  In  only  one  case  was  there 
less  combined  nitrogen  determined  in  the  total  products,  than  was 
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estimated  to  be  supplied.  In  the  nine  other  experiments  there 
was  a  gain  of  nitrogen  indicated,  varying  from  '001  to  "0042 
gramme,  which  Bonssingault  attributed  to  organic  corpuscles 
and  ammonia  in  the  atmosphere. 

Boussingault  considered  that,  bearing  in  mind  the  circum- 
stances of  the  above  experiments,  the  gain  was  in  no  case  suffi- 
ciently groat  to  justify  the  conclusion  that  free  nitrogen  had  been 
assimilated. 

M.  Boussingault  made  various  collateral  experiments  to  con- 
trol or  explain  his  results. 

Various  substances  after  being  ignited  were  exposed  to  the  air 
for  two  or  three  days,  and  then  the  combined  nitrogen  in  them 
determined.  A  kilogramme,  respectively,  of  sand  gave  0-5,  of 
powdered  brick  05,  of  powdered  bone-ash  0*84,  and  of  wood- 
charcoal  2 '9  milligrammes  of  ammonia. 

To  estimate  the  influence  of  organic  corpuscles  in  the  atmo- 
sphere, a  pot  of  burnt  sand,  with  ashes,  the  whole  moistened  with 
water,  was  so  arranged  under  a  glazed  cage  as  to  allow  the  free 
access  of  air,  and,  atter  exposure  for  two  and  a  half  months,  small 
spots  of  cryptogamic  vegetation  were  visible  on  the  sand,  but  the 
whole  yielded  only  0*74  milligramme  of  nitrogen. 

Ashes,  if  imperfectly  burnt,  were  found  in  some  cases  to  contain 
cyanides,  in  some  ferrocyanides,  and  in  others  nitrogen  in  some 
other  condition. 

Bonssingault  considered  that  the  larger  gain  of  nitrogen  in- 
dicated in  his  early  experiments  in  free  air  (in  1837  and  1838) 
than  in  the  later  ones,  was  partly  due  to  the  comparatively  de- 
fective methods  of  analysis  at  the  early  date,  and  partly  to  the 
distilled  water  then  used  containing  some  ammonia;  for  he  had 
since  learned,  in  his  analysis  of  rain  and  other  waters,  that  the 
distillate  fi^m  water  containing  minute  quantities  of  ammonia, 
did  not  come  over  free  from  it  until  about  two-fifths  of  the  whole 
had  been  drawn  off. 

To  get  increased  vigour  of  growth,  to  avoid  the  loss  of  nitrogen 
apparently  due  to  the  evolution  of  free  nitrogen  during  decompo- 
sition when  organic  matter  was  used  as  manure,  and  to  determine 
whether  the  nitrogen  of  nitrates  be  assimilable  by  plants,  Bous- 
singanlt  has  latterly  made  some  experiments  in  which  nitrates 
were  employed  as  manure. 

In  1855,  Boussingault  grew  two  pots  of  helianthus,  oner 
without  nitrogenous  manure,  and  the  other  with  a  small  known 
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quantity  of  nitrate  of  potash  supplied  to  the  soil;  also  three  pota'of 
cress,  one  without  nitrogenous  manure,  one  with  a  manured  soil, 
and  one  to  the  soil  of  which  nitrate  of  soda  was  added.  In  the 
experiments  with  nitrogenous  manure  there  was  considerably 
increased  assimilation  of  carbon,  and  much  more  nitrogen  assimi- 
lated than  was  supplied  by  the  seeds,  but  the  excess  was  not  equal 
to  that  supplied  in  the  nitrate,  where  it  was  used. 

Lastly,  in  1858,  Boussingault  grew  two  separate  pots  of 
helianthus,  using  as  soil  sand  and  quartz,  well  washed  and  ignited, 
with  the  addition  of  nitrate  of  potash,  in  one  case  equal  0*0111,  and 
in  the  other  0*0222  gramme  nitrogen.  In  the  first  experiment 
there  was  0*0014,  and  in  the  second  0*001  gramme  less  nitrogen 
found  in  the  plant,  soil,  and  pot,  than  was  supplied  in  the  seed  and 
nitrate;  and  Boussingault  supposed  that  nitrate  had  been  de- 
composed in  the  soil  by  the  organic  matter  of  the  d6bris  of  the 
seeds  and  the  roots,-  and  that  nitrogen  had  been  evolved. 

From  the  results  of  these  two  experiments  with  nitrates,  Bous- 
singault concluded — ^that  there  was  no  assimilation  of  free  nitro- 
gen ;  that  there  was  a  loss  of  supplied  nitrogen,  either  from  the 
soil  or  by  the  plant ;  and  that  the  amount  of  carbon  assimilated 
bore  a  close  relation  to  that  of  the  nitrogen  taken  up  by  the 
plant. 

The  result  is,  then,  that  inBoussingault's  experiments,  ex- 
tending over  more  than  twenty  years,  and  made  under  very  varied 
conditions,  neither  with  Leguminous  plants  nor  others,  did  he  find 
any  assimilation  of  free  nitrogen. 

M.  0.  VilWs  Experiments, 

M.  6.  Yille,  of  Paris,  commenced  his  investigations  on  the 
subject  of  the  assimilation  of  free  nitrogen  by  plants,  in  1849. 

He  first  determined  the  ammonia  in  the  atmosphere  by  aspiring 
large  quantities,  over  periods  of  several  months,  through  acid. 
In  this  way  he  found  the  air  of  Paris  to  give  a  mean  of  0*0237, 
and  that  of  its  suburbs  0*0211  part  by  weight  of  ammonia  to 
1,000,000  parts  by  weight  of  air. 

In  M.  Vi  lie's  experiments  on  the  assimilation  of  nitrogen  by 
plants,  he  used  specially-made  porous  flower^pote,  washed  and 
ignited  sand,  sand  and  brick,  or  sand  and  charcoal,  as  soil,  adding 
t>  it  ashes.  For  the  most  part,  several  pots  were  enclosed  in  an 
iron-framed  glazed  case  of  150  litres'  (or  more)  caDacity,  through 
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which  a  cnirent  of  air,  washed  or  nnwashed,  was  aspirated.  Car- 
bonic, acid  and  distilled  water  were  supplied  as  needed.  In  some 
cases  ammoniacal  gas  was  passed  into  the  air  of  the  apparatus. 
In  others  nitrates,  or  ammonia-salts,  were  supplied  to  the  soil,  and 
then  the  plants  had  free  access  of  air,  only  shaded  from  rain  and 
dust. 

The  following  table  summarises  the  chief  results  of  M.  Ville 
on  the  question  of  the  assimilation  of  nitrogen  by  plants  : — 

Tablb  VII. 
Summary  of  M.  Q.  ViXU*B  ExperimenU. 


Fbuita 


Period 

of 
growth ; 


Notes* 


Dry  salMtanoe. 
Gr»mme8. 


In 
B6ed  (or 

>lanta). 


In 
prodace. 


Nitrogen.— GrammoB. 


In  ieed; 
and  air 

or 
manure. 


In 

prodnots 

(plants 

only). 


Qain  or 
loss. 


Nitrogen 

in 
products 

tol 
supplied. 


1860 :  Current  of  nnwashed  air  supplying  0O017  grm.  Nitrogen  as  Ammonia.* 


1861 :  (Current  of  washed  air.* 


1849 :  Corrent  of  nnwashed  air  supplying 

OOOl  grm.  Nitrogen  as  Ammonia.* 

Cress 

LarvB  Lvpf  OS  . . 

9 
9 
9 

0-6S1 
0^1 
0^1 

8-788 
3-606 
S666 

O-OMO 
00640 
0-0640 

0-1470 
0K)640 
0D470 

0-1210 

O^XXX) 

-0-0170 

6-6 
1-0 
0-7 

0*1660 

0-S680 

0-1030 

1-7 

Oolm(planU)  .. 

Wbaat    

BLt« 

17 
17 
17 
17 

0-699 
0-689 
0-617 
1-488 

63-761 

.  9-807 

8-186 

4-603 

0-0S60 
0H)160 
0K)1S0 
0H)S90 

1-0700 
0O810 
0i»70 
0-1380 

1-0440 
0H)160 
OrOUO 
0K)990 

411 
1-9 
9-8 

Mahtt 

4*4 

0O867 

1-8660 

11803 

14-8 

BBB8ower 
Tohaeoo.. 
Tbbaeoo.. 


96  mdimentaiy  giaini 


96-686 

OKXMO 

0-1670 

0-1690 

99-436 

0H)040 

0-1760 

0-1710 

90-780 

0-0040 

0-1630 

0-1680 

31-4 
48-7 
40-6 


1869 :  (Currant  of  washed  air.* 


Autmiun  Oolia  •• 

37 

Flowered. 

0-864 

97-419 

0-0480 

0-9960 

0-1780 

4-7 

Spring  Wheafc  .. 

16 

47  oomplflte  grains. 

1-194 

19-917 

0^90 

Oi)660 

0-0360 

9-9 

SnnAow  ...... 

30 

419  mdimentaiy  grains. 

0-668 

64-090 

0-0160 

0-4080 

0-S930 

96-6 

Simimer  CoI» . . 

16 

much  leaf. 

3-793 

60-408 

01780 

0-6960 

0-4330 

3-4 

BommcrColsa.. 

10 

much  leaf. 

1-838 

64-786 

0-1060 

0-7010 

0-6960 

6-7 

1864  :  Current  of  washed  air  (under  superintendence  of  a  C!ommlssion).t 


Ct9§ 

10 

10 
10 

Did  not  thriTe. 

0-319t 

0*184 
0-188J 

9-949  ^00099 
6-091      0-0038 
1-606      0O089 

0H)097 
0K)630 
0-0110 

-0KK)09 
0K>499 
0^071 

1-0 

Crass 

18-9 

Okm 

9-8 

•  Beoherehes  Bxpfeimentalos  sor  la  V^g^tation,  par  M.  Georges  VUk.    Paris,  1863. 
t  Oompt.  rend.,  1886. 
X  Notary. 
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Tablb  VII  (continued). 


Flanti. 


Cress 


Oolza 
Colza 
Co'za 


Oolza 
Colza 
Colza 
Colza 


Wheat 
Wheat 


Wheat 
Wheat 


Period 

ol 
growth; 

weeks. 


Notes. 


Dry  snbetance. 
Grammes. 


^^^rp^^-H 


In 


Nitrogen.— Gnunmes. 


in  seed  ; 
and  air 

or 
manure. 


In 

products 

(plants 

only). 


Gain  or 
loss. 


18M :  Current  of  washed  air  (dosed,  under  the  superintendence  of  a  Commission).* 


Wheat    ... 


0-S06t 


8*699  I  0-0068 


0-0860 


0-0887 


1866  and  1866  :  In  free  air ;  with  0-6  grm.  Nitre  =  0-069  Nitrogen.^ 


7 

7 

10 


0-027 
0-027 
0H)27 


6-4&0 

6140 

-6-020 


0-0700 
0-0700 
0-0700 


0-0700 
0H)660 
0-0680 


0-0000 
-0-0040 
-0-0020 


1866  and  1866  :  In  free  air ;  with  1  grm.  Nitre  =  0-188  Nitrogen.t 


9 
18 
17 
18 


0-081 
0-031 
0-031 


7-760 
16-300 
10-770 
22-230 


0-1400 
01400 
0-1400 
0-1400 


0-1970 
0-3740 
0-2160 
0-2600 


0-0670 
0-2340 
0K)760 
0-1100 


1866  :  In  free  air ;  with  0-792  grm.  Nitre  =  0-110  Nitrogen.^ 


24 
24 


26-900 
26-620 


0-1260 
0-1260 


0-2180 
0-2240 


0-09S0 
0-0980 


1866  :  In  free  air ;  witli  1-72  grm.  Nitre  =  0-238  Nitrogeu.J 


26 


Gave  84  grains. 


87-870 


0-2690 


0-3080 


0HH90 


1866  :  In  free  air ;  with  1-766  grm.  Nitre  =  0-244  Nitrogen.J 


22 

29 


Flowered. 
Gaye  119  grains. 


26-87 
41-66 


0-2660 
0-2660 


0-2170 
0-3600 


-0-0480 
+0-0850 


Nitrogen 

in 
products 

tol 
supplied. 


6<6 


0-9 
1-0 


1-41 
2*7 
1-64 
1-79 


1-7 
1-8 


1-9 


0-8 
1-8 


In  1849,  M.  Ville  placed  three  pots  of  plants  in  his  apparatus, 
one  of  cress,  one  of  large  lupins,  and  one  of  small  lupins ;  sand 
was  used  as  soil ;  and  the  aspirated  air  was  unwashed.  The 
cress  plants  gave  more  than  sixteen-fold  the  dry  substance  of 
the  seed  sown ;  and  about  five  and  a  half  fold  the  nitrogen  in  the 
seed.  The  other  plants  did  not  gain  nitrogen.  The  total  nitrogen 
in  the  seed  of  the  three  pots  was  estimated  at  0-154  gramme,  that 
in  the  ammonia  of  the  unwashed  air  O'OOl,  and  that  in  the  total 
products  waa   0258,  showing  a  gain  in   the   three   experiments 

•  Compt.  rend.,  1866. 
t  Not  dry. 

t  Eecherches  Exp6riinentales  sur  la  V6g6tetion,  1867. 
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of  0-103  gramme,  or  17  fold  that  supplied.  M.  Ville  concluded 
that  the  cress  had  assimilated  a  considerable  quantity  of  free 
nitrogen. 

In  1850  four  pots,  one  of  colza,  one  of  wheat,  one  of  rye,  and 
one  of  maize,  were  enclosed  in  the  apparatus ;  and  the  conditions 
were  the  same  as  in  1849,  excepting  that  the  experiment  with  the 
colza  commenced  with  young  plants  instead  of  seed.  The  pro- 
duced colzas  gave  nearly  90  fold  the  dry  substance  of  the  young 
plants;  and  the  nitrogen  also  increased  more  than  forty-fold. 
The  other  plants  also  gained,  but  in  less  amount  and  proportion. 
The  total  combined  nitrogen  in  the  contents  of  the  apparatus  was 
nearly  fifteen  times  that  supplied,  I'lS  gramme  being  gained. 
The  conclusion  was  that  a  large  quantity  of  free  nitrogen  had 
been  assimilated. 

In  1851  tba  plants  were  supplied  with  a  current  of  air  washed 
free  from  ammonia.  One  pot  of  sunflower,  and  two  of  tobacco 
(the  latter  starting  from  young  plants),  were  grown  together  in  the 
apparatus,  with  the  conditions  otherwise  as  before.  The  sun- 
flowers gave  95  rudimentary  grains,  but  the  tobaccos  did  not  flower. 
The  three  experiments  together  gave  nearly  two  hundred-fold  the 
original  dry  matter,  and  nearly  forty-fold  the  original  nitrogen, 
the  actual  gain  in  the  apparatus  being  0*481  gramme. 

In  1852  the  conditions  were  as  in  1851,  and  the  plants  grown 
were  autumn  colzas  (from  plants),  spring  wheat  (from  seed),  sun- 
flower (from  seed),  and  summer  colzas  (from  plants).  All  gave  a 
considerable  increase  of  dry  matter;  and  the  total  combined 
nitrogen  gained  in  the  apparatus  was  1*624  gramme,  or  5*3  times 
as  much  as  was  supplied  in  the  original  plants  and  seed. 

In  each  of  the  years  1850,  1851,  and  1852,  M.  Ville  had  a 
duplicate  apparatus,  with  plants  similar  to  those  in  the  experiments 
above  described,  to  which,  however,  he  supplied  ammonia  in  the 
atmosphere  of  the  apparatus.  These  duplicate  plants  increased 
much  more,  both  in  dry  substance  and  in  nitrogen,  than  the 
others ;  but  the  gain  of  nitrogen  was  in  no  case  equal  to  that 
supplied  as  ammonia,  and  hence,  the  results  have  not  a  direct 
bearing  upon  the  question  of  the  assimilation  of  free  or  un- 
combined  nitrogen. 

Up  to  1853,  inclusive,  M.  Boussingault  had  experimented 
either  in  free  air,  with  protection  from  rain  and  dust,  or  in  fixed 
and  limited  air,  and,  considering  the  conditions,  in  neither  case 
was  it    concluded    that    free    nitrogen    had    been    assimilated. 
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M.  G.  Ville's  experiments  up  to  the  same  period,  had,  on  the 
other  hand,  indicated  an  enormous  gain  of  nitrogen.  Results  so 
strikingly  contradictory,  naturally  excited  great  attention;  but 
the  fact  that  M.  Boussingault's  plants  had  not  been  supplied 
with  a  current  of  air,  and  some  other  circumstances,  were  alleged 
to  account  for  the  difference  in  result.  In  1854,  M.  Boussin- 
gault  commenced  experiments  with  a  current  of  air,  the  results  of 
which  have  already  been  given,  and  a  Commission  of  members  of 
the  Academy  of  Sciences  ot  France,  comprising  MM.  Dumas, 
Begnault,  Payen,  Decaisne,  Peligot,  and  Ghevreul,  was 
appointed  to  superintend  a  new  set  of  experiments  by  M.  Y ille. 

M.  Yille's  experiments  under  the  Commission  were  conducted 
at  the  Mus6um  d'Histoire  Naturelle,  Jardin  des  Plantes,  Paris  ; 
M.  Cloez  was  appointed  to  assist  him,  and  M.  Chevreul  reported 
on  behalf  of  the  Commission  in  1855.  In  one  apparatus  con- 
nected with  the  aspirator  three  pots  of  cress  were  placed,  and  in 
another  smaller  one  (which  was  not  opened  during  the  experiment, 
as  the  other  frequently  was),  one  pot  of  cress  was  grown.  In  one 
pot,  in  the  set  of  three  experiments,  there  was  no  gain ;  in  another 
a  gain  of  0*0492  ;  and  in  the  third,  a  gain  of  0*0071  granmie  of 
nitrogen.  In  the  permanently  closed  apparatus  there  was  a  gain 
of  0'0287  gramme  nitrogen. 

Unfortunately,  an  element  of  uncertainty  attached  to  these 
experiments  under  the  Commission.  A  quantity  of  distilled  water 
from  the  bulk  used  for  watering  the  plants,  was  in  course  of 
evaporation  with  oxalic  acid  under  the  superintendence  of 
M.  Cloez,  when  he  was  called  away  for  some  days;  and  when 
M.  Peligot  determined  the  ammonia  in  the  acid  residue,  and 
also  in  that  of  the  water  removed  from  the  cases,  he  found  such  an 
excess  of  ammonia  in  the  water  before  being  used  over  that  in  the 
water  removed  from  the  larger  case,  as  more  than  covered  the 
increase  of  nitrogen.in  the  experiments.  But  when  new  portions 
of  the  original  water  were  examined,  a  different  result  was 
obtained  ;  and  M.  Cloez  found  that  the  previous  evaporation  had, 
in  his  absence,  gone  on  by  the  side  of  ammoniacal  emanations. 
However,  the  result  with  the  single  pot,  in  the  small  apparatus, 
showed  a  considerable  gain  of  nitrogen,  even  supposing  the  first 
analysis  of  the  supplied  water  to  be  correct. 

From  the  result  of  the  whole  inquiry,  the  Commission  announced 
the  following  conclusion : — 

That  the  expervmerd  made  ai  the  ilusium  d'Histoire  Naturelle, 
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&y  M,  VillBy  is  consistent  with  the  concliisions  which  he  has  dravm 
frwn  his  previous  labours. 

In  1855  and  1856,  M.  6.  Ville  condncted  experiments  in 
which  the  plants  were  allowed  to  grow  in  free  air,  only  shaded 
from  rain,  and  of  which  the  special  conditions  were,  that  nitrate 
of  potash  in  smaller  or  in  larger  quantity,  or  nitrate  of  potash  and 
different  ammonia-salts,  in  equivalent  quantities  as  to  nitrogen 
contents,  were  employed.  Artificial  soils,  with  ashes  of  plants, 
and  distilled  water,  being  used  as  before. 

With  a  view  to  these  experiments,  he  devised  a  method  for 
estimating  minute  quantities  of  nitric  acid,  which  was  favourably 
reported  upon  by  M.  Pelouze,  on  behalf  of  a  Commission,  com- 
posed of  MM.  Balard,  Peligot,  and  himself. 

In  1855  two  pots,  and  in  1856  one  pot,  of  colzas  were  grown, 
to  each  of  which  0*5  gramme  of  nitre  was  supplied.  The  dry  sub- 
stance increased  about  two  hundred-fold;  and  analysis  showed 
that  the  total  produce  contained  almost  exactly  the  same  amount 
of  nitrogen  as  that  supplied  in  the  seed  and  the  nitrate.  In  each 
of  the  same  years  two  pots  of  colzas  were  grown,  to  each  of  which 
1  gramme  of  nitre  was  supplied.  The  dry  matter  of  the  produce 
was  several  hundred  times  as  much  as  that  of  the  seed  sown ;  and 
it  contained  considerably  more  nitrogen  than  had  been  supplied 
in  the  seed  and  nitrate.  M.  Ville  concluded  that  when,  by  the 
larger  supply  of  nitrate,  the  growth  had  been  extended,  free  nitro- 
gen was  assimilated. 

In  1855,  a  pot  of  wheat  was  grown  manured  with  1*72 
gramme  of  nitrate  of  potash.  Eighty-four  grains  were  produced ; 
and  there  was  more  nitrogen  in  the  produce  alone,  than  in  the 
seed  and  nitrate,  and  much  more  when  the  residue  in  the  soil  was 
taken  into  account.  In  1856,  two  pots  of  wheat  were  sown  to 
each  of  which  1-765  gramme  of  nitre  was  added.  The  plants  of  one 
pot  were  taken  up  at  the  time  of  flowering,  and  found  to  contain 
almost  as  much  nitrogen  as  was  supplied  in  the  seed  and  nitrate. 
Those  in  the  other  were  left  as  seed,  and  gave  119  grains;  and 
the  nitrogen  in  the  produce,  exclusive  of  the  residue  in  the  soil 
and  pot,  was  much  more  than  that  supplied.  Also,  in  1856,  two 
pots  of  wheat  were  sown  without  nitrate,  and  two  with  0*792 
gramme  each.  The  actual  gain  of  nitrogen  was  the  greater 
where  the  nitrate  was  employed,  but  the  proportion  gained,  to  that 
supplied,  was  greater  where  no  nitrate  was  suppUed. 

In  1856^  experiments  were  also  made,  comparing  the  effects  of 
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nitrates  and  Qmmonia-salts,  from  the  results  of  which  it  was  con- 
cluded, that  a  given  amount  of  nitrogen  was  more  efficacious  in 
the  form  of  nitrate,  than  in  that  of  ammonia-salts. 

In  regard  to  the  experiments  made  in  1855  and  1856,  in  free 
air,  with  nitrates  or  ammonia-salts  supplied,  M.  Ville  remarks 
that  the  point  at  which  the  supplied  nitrogen  becomes  exhausted 
is  indicated  by  a  lightening  of  the  colour  of  the  leaves,  and  that  it 
is  then  that  the  plants  begin  to  assimilate  free  nitrogen ;  to  secure 
which  it  is  necessary  that  the  supply  of  nitrogen,  and  the  vigour 
of  growth,  should  reach  a  certain  point,  but  that  the  supply 
should  not  exceed  a  certain  limit.  Further,  that  the  gain  of 
nitrogen  in  the  experiments  in  question  was  so  great,  and  the 
amount  before  shown  to  be  available  from  atmospheric  ammonia 
was  so  small,  that  the  influence  of  that  source  may  be  entirely 
overlooked.     He  enumerates  the  following  conclusions : — 

1.  By  means  of  nitre  we  may  prove,  without  the  aid  of  an  en- 
closing apparatus,  that  plants  absorb  and  assimilate  the  gaseous 
nitrogen  of  the  atmosphere. 

2.  Nitre  acts  by  its  nitrogen.  It  is  absorbed  in  the  state  of 
nitre. 

3.  In  relation  to  the  amount  of  nitrogen,  nitre  is  more  active 
than  ammonia-salts. 

M.  Ville  also  made  various  collateral  experiments.* 
Air  was  passed  through  an  otherwise  closed  apparakm,  in  which 
was  placed  a  vessel  containing  calcined  sand^  or  calcined  sand  and 
decomposing  organic  matter,  but  in  no  ease  was  nitric  acid  formed ; 
hence,  nitrification  was  not  the  source  of  the  nitrogen  gained  by 
the  experimental  plants. 

Given  amounts  of  organic  matter,  lupins,  gelatine,  &c.,  were 
mixed  with  calcined  sand,  and  exposed  in  an  apparatus  to  a  current 
of  air  which  carried  the  gaseous  products  through  acid.  The  deter- 
mination of  the  nitrogen  remaining  in  the  matrix,  and  of  that 
absorbed  as  ammonia  by  the  acid,  showed  a  loss  of  nitrogen  given 
off  in  the  free  state.  Somewhat  similar  experiments  were  made, 
in  which  seeds  of  wheat  were  sown  in  the  sand,  decomposing 
organic  matter  serving  as  manure.  When  the  growth  was  allowed 
to  continue  long  enough,  the  products  contained  more  nitrogen 
than  the  seeds  sown  and  the  organic  matter;  in  these  cases  it 
could  not  be  said  that  the  nitrogen  not  received  by  the  plants  as 

*  Recherches  Exp^rimcntales  snr  la  V6g6tation»  1857. 
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ammonia  bad  been  taken  np  as  nascent  nitrogen  evolved  in  the 
decomposition. 

The  conclusions  from  the  collateral  experiments  were  as  follow : — 

1.  Organic  matters  in  decomposition  lose  a  part  of  their  nitro- 
gen as  ammonia,  and  a  part  as  nitrogeti  gas. 

2.  Vegetation  does  not  interfere  with  the  progress  of  this  de- 
composition. 

3.  Plants  cultivated  in  a  manured  soil,  give  more  nitrogen  in 
tbeir  produce  than  the  manure  yields  as  ammonia. 

4.  The  excess  of  nitrogen  in  the  produce  has  been  absorbed  as 
free  gaseous  nitrogen. 

In  regard  to  the  explanation  of  the  assimilation  of  free  nitrogen 
by  plants,  M.  Ville  calls  attention  to  the  fact,  that  nascent 
hydrogen  is  said  to  give  ammonia,  and  nascent  oxygen  nitric  acid, 
with  free  nitrogen,  and  he  asks, — Why  should  not  the  nitrogen  in 
the  juices  of  the  plant  combine  with  the  nascent  carbon  and 
oxygen  in  the  leaves?  He  further  refers  to  the  supposition  of 
M.  De  Luca,  that  the  nitrogen  of  the  air  combines  with  the 
nascent  oxygen  given  off  by  the  leaves  of  plants,  and  to  the  fact 
that  the  juice  of  some  plants  (mushrooms)  has  been  observed  to 
ovonize  the  oxygen  of  the  air,  and  asks — Is  it  not  probable,  then, 
that  the  nitrogen  dissolved  in  the  juices  will  submit  to  the  action 
of  the  oaonized  oxygen  with  which  it  is  mixed,  when  we  bear  in 
mind  that  the  juices  contain  alkalies,  and  penetrate  tissues  the 
porosity  of  which  exceeds  that  of  spongy  platinum  ? 

Results  and  conclusions  so  astonishingly  conflicting  as  those  of 
M.  Boussingault  and  M.  6.  Ville,  have  naturally  incited  others, 
either  to  investigate  anew,  or  to  seek  in  the  conditions  provided 
in  their  experiments,  for  some  explanation  of  the  discordance.  A 
brief  notice  of  the  labours,  or  opinions,  of  these  other  experimenters 
or  arbitrators,  may  be  here  subjoined. 

In  1851,  M.  M^ne*  made  three  sets  of  experiments  : — 

1.  Wheat  and  peas  were,  respectively,  grown  in  powdered-glass, 
in  free  air,  and  watered  with  pure  water.  The  wheat  gained 
nitrogen  equal  to  one-fourth  of  that  in  the  seed  sown,  and  the 
carbon,  hydrogen,  and  oxygen,  were  doubled.  The  peas  doubled 
the  carbon,  oxygen,  and  hydrogen,  and  trebled  the  nitrogen  of  the 
seed. 

2.  Lentils,   peas,  haricots,  beans,  wheat,  rye,  and  oats,  were 

*  Compt.  rend,  xzzii. 
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grown  in  a  sterile  matrix  under  a  bell-glass,  and  sapplied  with  an 
atmosphere  of  known  composition,  and  with  acetate  of  ammonia 
in  the  soil.  The  plants  gained  nitrogen,  and  the.  soil  lost  am- 
monia, but  the  nitrogen  of  the  air  was  not  perceptibly  affected. 

3.  This  series  was  similar  to  the  second,  but  with  the  nitrogen 
of  the  air  replaced  by  hydrogen.  The  plants  flourished,  and  took 
up  some  of  the  acetate  of  ammonia. 

M.  M^ne  concluded  that  plants  do  not  appropriate  the  free 
nitrogen  of  the  air. 

M.  Boy,  writing  in  1854<,*  supposed  that  carbonate  of  ammonia 
was  the  chief  source  of  nitrogen  to  vegetation  ;  that  Leguminous 
plants  appropriated  it  from  the  atmosphere  by  their  leaves  ; 
that  Graminaceous  plants  only  took  it  up  in  solution  by  their 
spongioles ;  and  that  free  nitrogen  was  not  fixed  by  the  leaves  of 
plants,  but  when  dissolved  in  water,  and  taken  up  by  their  roots,  it 
could  be  assimilated.  He  concluded,  that  in  M.  Boussingault's 
experiments  in  limited  air,  there  would  be  but  little  passage  of 
solution  of  nitrogen  by  the  roots,  and  evaporation  of  water  from 
the  leaves,  and  hence,  not  the  necessary  conditions  for  the  assimi- 
lation of  free  nitrogen ;  but  that  with  M.  Ville's  rapid  current  of 
air  it  would  be  otherwise. 

In  1850,  MM.  Cloez  and  Gratiolet  published  the  results  of 
some  experiments  with  water-plants,  from  which  they  concluded, 
that  in  the  vegetation  of  such  plants,  nitrogen  is  given  off  from 
their  nitrogenous  constituents;  that  there  must  be  restoration 
either  from  free  or  combined  nitrogen ;  and  that  as  their  ex- 
periments showed  ammonia-salts  to  be  injurious  to  the  plants,  they 
probably  take  up  free  nitrogen  dissolved  in  water. 

In  1855,  M.  Cloez  t  published  the  results  of  some  experiments 
on  nitrification,  in  which  he  passed  washed  air  for  several  months 
through  twenty  different  combinations  of  porous,  earthy,  and 
alkaline  matters.  He  found  nitrates  to  be  formed  in  notable 
quantity  in  calcined  brick,  or  pumice,  impregnated  with  alkaline 
or  earthy  carbonates,  also  in  uncalcined  brick  similarly  impreg- 
nated ;  but  only  traces  in  chalk,  marl,  a  mixture  of  kaolin  and 
precipitated  carbonate  of  lime,  &c.  He  considered,  therefore,  that 
the  porosity  of  the  pots  and  brick-fragments,  the  alkalinity  of 
the  ashes,  the  moisture,  and  the  current  of  air,  in  M.  Yille's 
experiments,  provided  the  conditions  for  the  formation  of  nitric 
acid.     He  asks.  Can  such  formation  take  place  in  limited  air  ? 

*  Compt.  rend.,  xxziz.  t  Compt.  rend.,  zli. 
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M.  De  Lnca*  aspirated  a  large  quantity  of  air  in  the  neigh- 
bourliood  of  vegetation,  through  carded  cotton,  and  then  through 
sulphuric  acid  to  wash  it.  The  washed  air  then  passed  over  potas- 
sium and  through  a  dilute  solution  of  pure  potash,  when  nitrate 
was  formed ;  but  when  air  in  the  midst  of  habitations  was  operated 
upon  in  a  similar  way  the  formation  of  nitric  acid  was  not  ob- 
served. M.  De  Luc  a  had  found  that  the  oxygen  given  off  by 
plants  in  sun-light  was  in  many  cases  ozonous,  and  supposed  that 
by  its  means  the  nitrogen  of  the  air  may  be  converted  into  nitric 
acid,  and  that  thus  the  nitrogen  of  the  air  may  be  rendered  avail- 
able for  assimilation  by  plants,  under  the  influence  of  vegetation 
itself. 

In  1855,  M.  Hartingt  published  some  observations,  and  the 
results  of  some  experiments,  on  the  question  of  the  assimilation 
of  nitrogen  by  plants.  He  attributed  a  formation  of  ammonia 
from  the  decomposing  debris  of  seeds,  &c.,  and  the  free  nitrogen 
of  the  air,  in  M.  Yi  lie's  experiments;  and  he  also  supposed  tibat 
nitric  acid  might  be  formed  by  the  oxidation  of  the  atmospheric 
nitrogen.  The  increase  of  nitrogen  in  M.  Yille's  plants,  and  of 
ammonia  in  the  water  of  the  enclosing  apparatus,  was  taken  as 
a  proof  of  such  formation  of  ammonia.  He  made  two  sets  of 
experiments,  in  one  of  which  the  plants  grew  in  a  limited  volume 
of  air,  and  in  the  other  in  a  current  of  air  washed  free  from  am- 
monia both  being  arranged  with  a  view  to  avoid  the  formation  of 
ammonia.  However,  the  produced  plants  yielded  no  more  dry 
matter  than  was  contained  in  the  seeds,  and  M.  Harting  con- 
sidered, therefore,  that  the  determination  of  the  nitrogen  was 
superfluous.  The  growth  evidently  stopped  when  the  supplies  of 
the  seeds  were  exhausted.  His  general  conclusions  were  as 
follow : — 

1.  Plants  absorb  salts  of  ammonia,  and  nitrates,  by  their  roots. 

2.  The  nitrogen  of  the  air  contributes  to  the  formation  of  am- 
monia, and  nitrates,  in  the  soil. 

3.  It  is  not  proved  that  nitrogen  serves  directly  for  the  nutri- 
tion of  plants. 

In  1852  and  1853,  M.  H.  M.  Chlebodarow  made  some  experi- 
ments at  Dorpat,  under  the  direction  of  M.  Petzholdt,  who 
reported  upon  the  results.^  M.  Petzholdt  assumed  that  if  plants 
can  appropriate  the  free  nitrogen  of  the  air,  they  will  not  need 

*  Compt.  rend.,  1866. 
t  Oompt  rend.,  xL  (1866).  J  J.  pr.  Chem.,  Ixv. 
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ammonia,  and  that  if  they  take  nitrogen  from  ammonia  the  snpply 
of  it  will  increase  growth.  The  experiments  were  made  upon 
barley.  In  1852  an  ignited  yellow  sand  was  used  as  soil.  To  one 
set  of  plants  no  ammonia  was  supplied,  to  a  second  carbonate  of 
ammonia  was  provided  in  the  soil,  and  to  a  third  it  was  supplied 
in  the  air.  The  crops  with  a  supply  of  ammonia  gave  three  times 
as  much  produce,  and  much  more  nitrogen,  than  those  without  it. 
In  1853,  six  sets  of  experiments  with  barley  were  made,  the  soils 
consisting  of  an  artificial  mixture  of  clay,  sand,  and  felspar  de- 
composed by  heating  with  lime.  To  one  set  of  three  pots,  no 
manure  was  added ;  to  the  second,  a  small  quantity  of  bone-ash, 
decomposed  by  sulphuric  acid ;  and  to  the  third,  a  larger  quantity 
of  the  same  phosphatic  mixture.  The  three  other  sets  were 
arranged  like  the  above,  and  had,  in  addition,  ammonia  supplied 
to  the  atmosphere  in  which  the  plants  grew ;  the  experiments, 
without  ammonia,  being  made  in  free  air,  and  those  with  it  in  an 
enclosing  apparatus.  The  nitrogen  of  the  crops  was  very  much 
increased  by  the  aid  of  the  phosphatic  manure,  and  still  further 
by  the  addition  of  the  ammonia  to  the  atmosphere  of  the  plants. 
M.  Petzholdt  considered  it  difficult  to  account  for  the  fact  of 
M.  Boussingault  getting  little  or  no  increase  of  nitrogen  in  free 
air,  which  must  have  supplied  some  ammonia,  even  though  rain 
and  dew  were  excluded. 

The  results  or  conclusions  of  these  several  arbitrators  are  seen 
to  be  nearly  as  conflicting  as  those  of  M.  Boussingault  and 
M.  G.  Ville  themselves,  nor  are  we  able  to  discover,  either  in  the 
differences  of  plan,  as  described  by  M.  Boussingault  and 
M.  G.  Ville  themselves,  or  in  the  results  and  explanations  of 
other  experimenters,  a  satisfactory  solution  of  the  difference  of 
result  arrived  at. 

From  the  chemical  characters  of  nitrogen  itself,  and  fix>m 
what  is  known  of  the  chemistry  of  vegetation  in  other  respects, 
it  would  be  concluded  that  plants  would  not  assimilate  nitrogen 
offered  to  them  in  the  free  state.  On  the  other  hand,  the  total 
amount  of  actually  existing  combined  nitrogen  is  very  large, 
and  there  is  an  amount  of  nitrogen  periodically  available  for  the 
vegetation  of  a  given  area  of  land,  the  source  of  a  considerable 
proportion  of  which  is,  to  say  the  least,  not  yet  quantitatively 
explained ;  and,  upon  the  decision  finally  come  to  in  regard  to 
the  question  whether  or  not  the  assimilation  of  free  nitrogen 
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by  plants,  may  accotmt  for  all,  or  a  part  of  the  otherwise  unex-» 
plained  amount,  mast  materially  depend  the  degree  of  importance 
to  be  attached  to  the  further  investigation  of  the  other  actual  or 
possible  sources  of  nitrogen  to  plants  which  have  been  briefly 
noticed.  It  seemed  desirable,  therefore,  that  the  subject  should 
be  submitted  to  fhrther  enquiry,  and  we  now  proceed  to  give  a 
condensed  account  of  our  own  experimental  evidence  on  the  point. 

IV. — j^cperimerUcd  results  obtained  at  Eothamsted  in  1857,  1858, 
and  1 859,  on  the  qiiestion  of  the  Assimilation  of  Free  Nitrogen 
by  Plants,  and  some  Allied  Points, 

In  the  treatment  of  this  part  of  our  subject,  it  is  proposed  to 
consider — 

1.  The  conditions  required,  and  plan  adopted,  in  the  direct 
experiments  on  the  question  of  the  assimilation  of  free  nitrogen 
bj^plants :  embracing  those  which  relate  to  the  requirements  and 
preparation  of  the  soil  or  matrix,  and  of  the  nutriment  to  be 
supplied  to  the  plants,  the  selection  of  plants  and  seeds,  the  atmo- 
sphere to  be  provided,  the  description  of  apparatus  adopted,  and 
the  mode  of  using  it  (which  should  be  so  arranged  as  to  include 
all  that  is  necessary  for  the  healthy  and  vigorous  growth  of  the 
plants,  excepting,  in  some  instances,  a  full  supply  of  combined  nitro- 
gen), and  lastly,  the  question  of  the  analytical  methods  adopted, 
and  of  their  competency  to  serve  the  purposes  of  the  enquiry. 

2.  A  number  of  collateral  questions  having  a  bearing  upon  the 
points  at  issue :  including  those  of  the  possible  influence  of  ozone 
on  the  supply  of  combined  nitrogen  to  growing  plants,  of  the 
action  of  ozonised  air  on  decomposing  organic  matter,  and  porous 
and  alkaline  substances,  of  the  evolution  of  free  nitrogen  in  the 
decomposition  of  nitrogenous  organic  matter,  and  of  the  mutual 
relations  of  gaseous  nitrogen  and  the  nascent  hydrogen  evolved 
during  the  decomposition  of  organic  matter. 

3.  The  results  of  the  direct  experiments  themselves  on  the 
question  of  the  assimilation  of  free  nitrogen  by  plants. 

Conditions  required,  and  pkm  adopted,  in  Experiments  on  the 
question  of  the  Assimilation  of  Free  Nitrogen  by  Pkmts, 

So  complicated  is  the  constitution  of  ordinary  soils,  and  so  inti- 
mately are  the  nitrogenous  compounds  existing  within  them  asso- 
ciated with  other  matters,  that  it  is  impossible  either  to  estimate  their 
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nitrogen  with  sufficient  accaracy  for  our  present  purpose,  or  to  ex* 
tract  it  fix)m  the  soil  without  entirely  destroying  the  other  condi- 
tions of  vegetable  growth  ;  nor  could  a  natural  soil  be  so  imitated  by 
artificial  means,  as  to  include  all  its  conditions  excepting  a  supply 
of  combined  nitrogen.  There  exists,  however,  abundant  evidence 
to  show  that  many  of  the  complicated  conditions  of  an  ordinary 
soil  may  be  entirely  dispensed  with,  so  as  to  bring  the  examination 
within  our  means  of  investigation,  and  yet,  to  retain  all  the  con- 
ditions of  healthy  growth.  The  experiments  of  others  to  which 
attention  has  been  directed,  are  sufficiently  conclusive  on  this 
point,  and  the  results  now  to  be  recorded  bear  similar  testimony. 

In  the  experiments  of  the  first  year,  1857,  two  kinds  of  soil,  or 
matrix,  were  used ;  one  prepared  from  an  ordinary  soil,  and  the 
other  from  volcanic  pumice.  The  latter  substance  was  employed 
with  a  view  to  eliminate  certain  supposed  sources  of  error  which 
the  prepared  soil  might  introduce ;  but  results,  to  which  reference 
will  be  made,  showed  the  precaution  to  be  unnecessary,  and,  in 
1858,  only  prepared  soil  was  used. 

A  somewhat  clayey  soil  was  selected;  and,  after  the  large 
stones  had  been  removed,  and  the  clayey  lumps  powdered,  it  was 
ignited  in  a  large  cast-iron  muffle,  through  which  a  constant  cur- 
rent of  air  passed,  until,  on  removing  a  portion,  and  cooling  it,  it 
exhibited  the  red  colour  due  to  peroxide  of  iron,  and  showed  no 
traces  of  coaly  matter.  The  mass  was  then  thrown  into  a  large 
volume  of  distilled  water,  which  was  rendered  strongly  alkaline  hy 
the  caustic  lime  present.  After  stirring,  and  being  allowed  to 
settle,  the  fluid  was  decanted,  then  fresh  water  added,  and  the 
operation  repeated  frequently  during  eight  or  ten  days,  until  all 
the  soluble  matter  was  removed.  The  residue  was  then  dried  and 
retained  for  final  ignition  before  use. 

The  ferruginous  and  aluminous  character  of  this  soil-matrix 
pointed  to  the  possibility  of  its  acting  as  a  porous  body  in  pro- 
moting the  formation  of  nitrogenous  compounds,  or  absorbing  and 
retaining  the  ammonia  supplied  to  the  plants,  or  that  which  might 
be  formed  from  the  nitrogenous  matter  of  the  seed.  In  order  to 
ascertain  whether  any  formation  of  nitrogenous  compounds  in  the 
manner  here  supposed  occurred,  a  pot  of  soil,  prepared  as  for  an 
experiment  with  a  plant,  was  submitted  to  the  same  conditions  of 
air,  temperature,  moisture,  &c.,  as  the  pots  containing  the  experi- 
mental plants,  but  no  accumulation  of  combined  •  nitrogen  took 
place. 
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When  volcanic  pumice  was  used,  it  was  powdered  until  the 
greater  portion  was  quite  fine,  and  the  largest  pieces  were  about 
the  size  of  peas.  The  powder  was  then  subjected  to  long  washing 
in  the  same  manner  as  the  ignited  soil,  and  lastly,  dried  ready  for 
final  ignition  before  being  used. 

The  necessary  mineral  constituents  were  in  most  cases  supplied 
in  the  form  of  the  ash  of  the  plant  of  the  description  to  be  grown, 
or,  if  this  were  not  practicable,  of  that  of  some  closely  allied  kind. 
In  some  instances  the  ash  was  obtained  by  burning  a  quantity  of 
the  entire  plant  when  in  seed  ;  in  others,  the  seed  and  the  rest  of 
the  plant  were  burnt  separately,  and  a  mixture  of  the  two  ashes 
made  in  the  proper  proportions.  Strongly  alkaline  ashes  (of 
Leguminous  plants)  were  sometimes  saturated  with  sulphuric  acid, 
and  the  mixture  ignited.  The  ashes  were  prepared  in  large 
shallow  platinum  dishes,  heated  in  a  current  of  air  in  a  cast-iron 
muffle,  and  the  burning  was  continued  until  all  coaly  matter  dis- 
appeared. Examination  failed  to  detect  combined  nitrogen  in  any 
of  the  ashes  so  prepared.  A  consideration  of  the  chemical  con- 
stitution of  soils  suggested  a  proportion  of  08  to  1*0  per  cent,  of 
ash,  and  this  was  the  quantity  added  to  the  matrices  in  1857,  but 
in  1858  only  about  half  as  much  was  employed. 

In  some  cases  weak  solutions  containing  phosphoric  acid  or 
sulphuric  acid  were  used  as  well  as  ash. 

The  streugth  of  a  dilute  solution  of  phosphoric  acid  was  de- 
termined by  means  of  a  titrated  alkali-solution,  and  it  was  then 
neutralised  by  carbonate  of  soda.  Each  pipette  measure  of  the 
solution  given  to  the  plants  supplied  about  0*01  gramme  phosphate 
of  soda.     It  was  only  employed  in  the  experiments  of  1858. 

The  sulphuric  acid  solution,  which  was  also  only  employed  in 
1858,  was  prepared  by  determining  the  strength  of  some  very 
dilate  pure  acid,  in  the  same  manner  as  that  of  the  phosphoric 
acid.  It  was  then  so  far  reduced  that  the  pipette  measure  by 
which  it  was  applied  to  the  plants  contained  exactly  as  much 
sulphuric  acid  as  the  pipette  of  sulphate  of  ammonia  solution  then 
in  use,  which  corresponded  to  0004  gramme  nitrogen. 

When  ammonia  was  supplied  to  the  plants,  it  was  given  in  the 
form  of  a  weak  solution  of  the  sulphate,  which  was  prepared  as 
follows : — Ordinary  ammonia-water  was  distilled  from  a  Hask  and 
the  vapour  condensed  in  pure  distilled  water.  The  strength  of 
the  solution  was  determined  by  the  volumetric  method  against- 
that  of  dilate  sulphuric  acid  of  known  strength,  the  preparation 
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of  which  is  described  farther  on.  A  given  volame .  of  the  ammo- 
nia-Iiqnid  was  then  neutralised  by  pore  dilate  sulphuric  acid,  of 
which  the  measure  added  was  determined,  and  the  strength  of  the 
sulphat^solution  calculated  accordingly.  It  was  intended  that 
each  cubic  centimetre  should  contain  about  one-tenth  of  a  milli- 
gramme of  combined  nitrogen,  and  generally  4  to  6  milligrammes 
were  supplied  at  once. 

The  value  of  each  of  the  above  solutions  was  determined  by 
analysis,  to  insure  that  its  composition  was  such  as  was  supposed. 

The  plants  were  watered  with  distilled  water,  in  the  preparation 
of  which  the  first  two-fifths  of  the  distillate  from  ordinary  water 
were  allowed  to  escape,  and  the  next  two-fifths  were  collected  for 
further  treatment.  This  water  retained  traces  of  ammonia.  It 
was  mixed  with  a  little  phosphoric  acid  free  from  nitric  acid,  and 
then  re-distilled  irom  a  copper  vessel,  to  which  a  glass  condenser 
was  attached. 

All  parts  of  the  apparatus,  the  presence  of  ammonia  in  which 
could  possibly  affect  the  result,  were,  after  thorough  washing  both 
with  ordinary  and  common  distilled  water,  finally  rinsed  with 
this  pure  double-distilled  water  just  before  being  used.. 

In  the  experiments  of  1857,  common  flower-pots  were  used,  and 
small  common  white-glazed  plates  were  employed  as  pans.  For  the 
experiments  of  1858,  observation  suggested  the  kind  of  pot  and  pan 
represented  in  figs.  1,  2,  and  3,  plate  I.  The  pot  was  made  of  the 
same  material  as  ordinary  flower-pots,  but  as  light  as  possible,  and 
it  was  somewhat  less  baked.  The  height  and  diameter  at  the  top 
were  each  five  inches,  and  the  diameter  at  the  bottom  was  four 
inches.  The  bottom,  and  the  sides  to  a  distance  of  one  inch  from 
the  bottom,  were  perforated  with  numerous  holes  of  nearly  oue- 
fourth  of  an  inch  diameter,  as  shown  in  figs.  1  and  2.  The  pan, 
represented  in  fig.  3  with  the  pot  placed  in  it,  is  made  of  hard 
baked  and  well-glazed  stoneware.  It  is  1*5  inch  deep  and  5*2 
inches  in  diameter  at  the  bottom.  At  the  top  it  is  curved  inwards 
(A,  B,  fig.  3),  so  as  to  adapt  its  upper  rim  to  the  sides  of  the  pot^ 
These  arrangements  reduced  the  surface  for  evaporation  from 
a  given  volume  of  soil,  and  facilitated  the  exit  of  the  roots,  and 
the  access  of  air.  The  pan  afibrds  room  for  an  abundance  of 
water,  in  which  the  roots  develop  luxuriantly,  and  are  protected 
from  the  direct  action  of  sun-light.  Thus,  a  minimum  of  evapo- 
ration firom  other  sources,  and  a  drier  atmosphere,  being  main- 
tained, evaporation  through  the  plant  itself  is  favoured ;  and  hence 
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the  conditions  are  provided  for  a  constant  supply  to  the  plant  of 
all  the  mineral  and  gaseoas  substances  in  solution  in  the  fluid  of 
the  soil  and  pan. 

In  preparation  for  an  experiment,  the  soil,  the  ash,  and  the  pot, 
were  simultaneously  heated  to  redness,  and  the  soil  and  ash,  whilst 
red-hot,  were  mixed  together  in  the  red-hot  pot,  which  was  placed 
upon  a  red-hot  brick,  over  sulphuric  acid,  the  whole  being  then 
covered  with  a  large  glass  shade,  and  left  to  cool.  In  1857,  from 
2 J  to  31bs.  of  ignited  soil  were  put  into  each  pot;  but,  in  1858,  the 
lower  part  of  the  pot  was  first  filled,  to  the  depth  of  about  one 
inch,  with  very  coarsely  broken  up  red-hot  flint.  The  greater 
portion  of  the  ash  was  mixed  with  the  lower  layers  of  soil,  but 
some  was  distributed  through  the  whole  of  it.  After  cooling  suffi- 
ciently, the  shade  was  removed,  and  about  500  cub.  centims.  of 
pure  distilled  water  were  added  to  the  soil  of  each  pot ;  and,  after 
ten  to  twenty  hours  more,  the  seeds  were  put  in. 

In  all  the  experiments  recorded,  the  plants  were  grown  directly 
from  seeds,  sown  in  soils  prepared  as  above  described.  A  quantity 
of  seed  of  very  good  quality  being  procured,  the  largest  and 
smallest,  or  any  looking  unhealthy,  were  picked  out.  Given  num- 
bers of  the  remainder  were  then  weighed,  and  the  average  weight 
per  seed  was  calculated.  A  few,  weighing  as  nearly  as  possible  the 
mean  weight,  were  then  selected  for  planting,  and  a  number  of 
others,  of  equal  weight  and  character,  were  reserved  for  the  deter- 
mination of  their  nitrogen,  as  a  means  of  estimating  the  quantity . 
supplied  in  the  seed  sown. 

The  quantity  of  ammonia  in  the  atmosphere  is  so  small,  that, 
had  it  been  intended  to  grow  the  experimental  plants  in  limited 
volumes  without  change,  the  amount  of  combined  nitrogen  avail- 
able to  the  plants  by  its  means  might  have  been  entirely  disre- 
garded ;  but  as,  for  various  reasons,  it  was  decided  that  the  plants 
should  grow  in  an  enclosing  apparatus  through  which  a  current  of 
air  passed,  it  was  freed  from  ammonia,  and  solids  mechanically 
suspended,  by  washing  in  the  manner  presently  to  be  described, 
before  being  admitted  into  the  apparatus. 

Owing  to  the  small  proportion  of  carbonic  acid  in  the  atmo- 
sphere, and  to  the  fact  that  a  part  of  it  would  be  absorbed  in  the 
washing  process  just  referred  to,  it  was  necessary  to  give  a  supply 
of  it  to  the  plants  artificially.  This  was  obtained  by  the  action  of 
chlorhydric  acid  upon  fragments  of  marble,  and  the  arrangements 
for  its  supply  will  be  described  presentlv,  with  the  rest  of  the 
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apparatus.  Boussingault  found*  that  the  air  siirroanding  a 
plant  might,  consistently  with  healthy  growth,  contain  8  per  cent. 
of  carbonic  acid,  whilst  the  normal  atmosphere,  in  which  vegetation 
flourishes,  contains  only  0*04  per  cent.  Calculation  showed  that 
a  minimum  of  0*2  per  cent,  of  carbonic  acid  in  the  air  of  the 
enclosing  apparatus  would  supply  rery  much  more  than  was  re- 
quired by  the  plants:  and  from  the  observations  of  Boussingault 
it  was  concluded  that  4  per  cent,  might  be  adopted  as  the  maxi- 
mum. Further,  our  own  experiments  on  the  nature  of  the  gas  in 
plants  show  (as  will  be  seen  further  on)  that  the  changes  in  the 
proportion  of  carbonic  acid  in  the  air  of  the  cells  and  intercellular 
passages,  and  in  the  fluids  of  the  stem,  are  much  ^eater  and  more 
rapid  than  those  which  could  take  place  in  the  atmosphere  of  onr 
experimental  plants.  Moreover,  plants  derive  much  of  their  car- 
bonic acid  from  aqueous  solution  absorbed  by  the  roots,  and  most 
probably  the  remainder  is  taken  up  by  the  fluids  of  the  plant 
before  influencing  its  growth.  These  absorptions  can  take  place 
but  slowly,  so  that  rapid  variations  in  the  proportion  of  carbonic 
facid  in  the  atmosphere  of  the  plant,  will  be  accompanied  by  much 
less  variation  within  it.  It  was  considered  probable,  therefore, 
that  there  would  be  no  danger  in  so  supplying  carbonic  acid  to 
the  atmosphere  of  the  plants,  as  to  reach  the  proposed  maximum 
proportion  in  a  short  time,  and  then,  by  the  passage  of  the  air, 
bring  it  gradually  down  to  the  minimum. 

In  practice,  a  little  more  chlorhydric  acid  was  added  at  one 
time  to  the  marble  than  was  necessary  to  provide  4  per  cent,  of 
carbonic  acid  in  the  atmosphere  of  the  plants,  and  the  passage  of 
the  air  was  commenced  simultaneously.  Repeated  analyses  of  the 
air  in  the  enclosing  apparatus  showed  that  the  limits  of  4  per 
cent,  as  the  maximum,  and  0*2  per  cent,  as  the  minimum,  were  not 
passed  when  operating  in  this  way. 

The  description  of  apparatus  nsed  for  each  separat-e  experiment 
in  1858  (and  subsequently),  to  enclose  the  plants,  and  to  supply 
them  with  air,  water,  carbonic  acid,  &c.,  is  represented  in  fig.  1, 
plate  II. ;  and  that  used  in  1857  only  differed  in  some  few  points, 
to  the  chief  of  which  reference  will  be  made. 

A,  represents  a  large  stoneware  Woulfe's  bottle,  18  inches  in 
diameter,  and  24  inches  high,  a  represents  the  cross  section  of  a 
leaden  pipe  1 J  inch  diameter  (which  is  connected  with  a  reservoir 

♦  M^inoires  de  Chimie  Agricole  et  do  Physiologie,  1854,  p.  441. 
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of  water  not  shown),  and  which  passes  over  a  series  of  vessels  A,  at 
right  angles  to  the  plan  of  the  fignre,  and  is  connected  with  each 
by  the  tabe  a  by  in  which  is  fixed  a  stop-cock  to  open  and  shut  the 
oonnexion  between  the  water-supply  tnbe  a  and  the  vessel  A. 
c  d  e  is  a  leaden  exit-tube  for  air,  enlarged  at  the  point  c,  and 
downwards,  until  it  opens  into  the  vessel  A,  thus  allowing  the 
half-inch  safety-tube,  q  r  s^  to  pass  through  it  and  down  to  the 
bottom  of  the  vessel  A,  as  indicated  by  the  dotted  line. 

The  bottles  B  and  G  (which  with  1\  E,  and  0,  are  each  of  about 
30  ounces  capacity),  contain  sulphuric  acid  of  sp.  gr.  1*85,  to  a 
depth  of  2^  inches.  The  tube  D  D  is  about  3  feet  long  and  1  inch 
diameter,  filled  with  fragments  of  pumice  saturated  with  sulphuric 
acid,  in  which,  at  //  are  indentations  to  prevent  the  sulphuric 
acid  from  draining  against  the  corks.  The  bottle  E  contains  a 
saturated  solution  of  ignited  carbonate  of  soda,  and  its  interior  is 
connected  with  that  of  the  glass  shade  F,  by  means  of  the  bent, 
and  caoutchouc-jointed  glass  tubes  g  h. 

The  shade  F  is  about  9  inches  in  diameter  and  40  inches  in 
height,  but  in  some  experiments,  shades  16  inches  in  diameter  and 
28  in  height  were  used,  t  k  (better  indicated  in  fig.  2,  plate  II)  is 
the  exit  tube  for  the  air,  and  is  connected,  externally  to  the  shade, 
with  an  eight-bulb  apparatus,  M,  containing  sulphuric  acid,  u  v, 
also  better  indicated  in  fig.  2,  is  for  the  supply  of  water,  or  solu- 
tions, to  the  soil ;  and  n  o  is  for  the  escape  of  condensed  water 
into  the  bottle  0,  to  the  bottom  of  which  passes  another  glass  tube 
i,  by  means  of  which  the  condensed  water  which  collects  in  it  is 
withdrawn. 

w  w  IB  a  lute-vessel  of  hard  baked  and  well  glazed  stoneware, 
and  is,  in  fact,  simply  a  shallow  dish  with  double  concentric  sides, 
the  space  between  which  forms  a  groove  for  the  reception  of  the  shade 
and  of  the  luting  material,  which  was  mercury,  and  for  the  passage 
of  the  tubes.  Fig.  4,  plate  I,  is  a  plan  of  the  stoneware  lute-vessel, 
which  shows  the  groove  widened  and  deepened  at  four  equidistant 
points  for  the  passage  of  tubes  underneath  the  shade,  and  also  the 
hole  n  for  the  escape  of  the  condensed  water.  Fig.  5  is  a  vertical 
section  of  the  lute-vessel  from  A  to  B  of  fig.  4,  through  two  of 
the  widened  and  deepened  portions  of  the  groove,  and  through  the 
orifice  n ;  and  fig.  6  is  a  vertical  section  from  G  to  D  of  fig.  4. 

The  bottle  T  contains  fragments  of  marble,  from  which  carbonic 
acid  is  evolved  by  the  addition  of  measpred  quantities  of  chlor- 
hydric  acid,  supplied  by  means  of  the  tube  y. 
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In  1857,  blocks  of  slate  12  inclies  square  and  3^  inches  thick, 
with  a  circular  groove,  ^  an  inch  wide  and  2  inches  deep,  adapted 
to  the  diameter  of  the  shades,  but  widened  and  deepened  for  the 
passage  of  the  tubes,  were  used  instead  of  the  stoneware  lutes 
above  described ;  and  the  condensed  water  was  withdrawn  by 
means  of  a  bent  tube  passing  from  the  outside  beneath  the  shade, 
and  extending  to  the  surface  of  the  mercury  in  the  groove  within 
the  shade. 

On  opening  the  stop-cock  below  a,  (fig.  1,  plate  II)  water  flows 
into  the  vessel  A,  from  the  reservoir  with  which  the  tube  a  is  in 
connection.     As   the   pressure   increases,  the   water   rises  in  the 
safety-tube  q  r  s,  above  the  level  in  A,  and  air  escapes  by  the  tube 
c  d  c,  forces   its  way  through  the   sulphuric   acid  in  the   bottles 
B  and  C,  through  the  tube  D  D,  containing  pumice  saturated  with 
sulphuric   acid,  then   through   the   solution  of  carbonate  of  soda 
in    E,  enters  the   shade   F   by   the  tubes  g   h,  and   passes   out 
through  the  tube  i  k^  and  the  bulb  apparatus  M,  containing  sul- 
phuric   acid.     Calculation   showed   that  the  minimum    pressure 
required  to  force  the  air  through  the  apparatus  was  equal  to  that 
of  a   column  of  mercury  1*037  inch  in  height.     The   difference 
between  the  height  of  the  water  in  A  and  in  the  safety  tube  q  r  s^ 
must  be  equal  to  this  amount  multiplied  by  the  specific  gravity  of 
mercury  ;  and  the  height  from  the  top  of  the  vessel  A  to  r  being 
about  twelve  inches,  the  whole  of  the  air  passed  out  of  A  before  the 
water  ascended  to  r,  and  flowed  out  of  q ;  whilst  the  great  height 
of  d  prevented  the  water  from  passing  over  into  the  bottle  B  ;  an 
accident  which   unfortunately   happened   on   a   few   occasions  in 
1857,  when  the  air  and  safety-tubes  were   somewhat  diflerently 
aiTanged. 

When  the  vessel  A  was  full  of  water,  it  was  let  off  by  a  cork 
hole  at  the  bottom,  air  being  at  the  same  time  admitted  by  the 
tube  X  at  the  top. 

The  minimum  pressure  upon  the  inside  of  the  glass  shade  F 

would  be ^^  r=  0*136  inch,  1*0  being  the  difference  be- 

tween the  levels  of  the  sulphuric  acid  in  the  bulb-apparatus  M ; 
but  owing  to  friction,  &c.,  the  maximum  pressure  might  be  raised 
to  double  this  calculated  minimum. 

All  the  Woulfe's  bottles  were  made  as  air-tight  as  possible,  by 
means  of  very  good  corks,  which,  in  the  cases  of  E  and  O,  were 
covered  with   a   cement  composed  of  8   parts   gutta  percha,  12 
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parts  common  rosin,  and  1  part  Venice  turpentine,  well  melted 
togetiher.  The  glass  tube  n  o  was  also  fixed  into  the  lute-vessel 
at  n  with  this  cement.  At  first,  tubes  of  unvulcanised,  but 
afterwards  of  vulcanised,  caoutchouc  were  used  for  the  various 
joints  indicated.  The  ends  of  the  tubes  t  and  u  were  fitted 
with  caoutchouc  tijbing,  into  which  pieces  of  solid  glass  rod  were 
fitted  as  stoppers. 

In  1857,  twelve  such  sets  of  apparatus,  and  in  1858  a  larger 
number,  were  employed.  The  whole  were  arranged  side  by  side,  on 
stands  of  brickwork,  in  the  open  air,  and  were  protected  from  rain, 
or  the  too  powerful  rays  of  the  sun,  by  a  canvas  awning  which 
could  be  drawn  over  them,  or  withdrawn,  at  pleasure.  In  1 858, 
two  glass  cages,  such  as  were  used  by  M.  G.  Ville,  and  which 
he  kindly  sent  over  to  us,  were  also  employed. 

The  volume  of  washed  air  passed  through  the  apparatus  daily, 
was,  in  the  earlier  experiments,  that  of  the  vessel  A,  equal  to 
about  two  and  a  half  times  that  of  the  shade  F,  but  in  the  latter 
ones  generally  twice  as  much,  or  more. 

The  apparatus  above  described  has  the  following  advantages : — 

1.  When  it  is  once  enclosed,  and  the  mercury  poured  into  the 
groove,  the  plant  is  entirely  excluded  from  all  external  sources  of 
combined  nitrogen  ;  and,  in  case  of  its  being  necessary  to  open  the 
vessel,  this  can  be  done  with  great  facility. 

2.  By  means  of  the  tube  n  o,  and  the  bottle  0,  the  water  which 
condenses  within  the  shade  is  quickly  removed  from  the  atmo- 
sphere of  the  plant.  The  pan  in  which  the  pot  stands,  with  its  in- 
ward-turned rim,  allows  of  a  store  of  water  being  kept  beneath  the 
plant,  which,  at  the  same  time,  is  protected  from  free  evaporation. 
Water  is  very  easily  supplied  by  the  tube  u  v,  and  the  bottle  0 
holds  as  much  as  can  be  condensed  during  several  days  ;  its  con- 
tents are  easily  removed  by  means  of  the  tube  t,  and  returned,  if 
required,  by  the  tube  u  v, 

3.  A  simple  glass  shade  is  more  easily  cleaned  before  com- 
mencing the  experiment,  and  is  less  likely  to  retain  combined 
nitrogen  at  its  termination,  than  a  complicated  metallic  frame- 
work with  panes  of  glass  cemented  into  it ;  whilst  the  presence  of 
oxidisable  metallic  surfaces  is  avoided. 

4.  The  only  organic  matter  within  the  shade  is  the  thin  coating 
of  cement  by  which  the  tube  no  is  fixed  into  the  hole  n  at  the  bottom 
of  the  lute ;  and  analysis  showed,  that  even  if  the  whole  of  the 
cement  in  contact  with  the  condensed  water  became  decomposed,  it 
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could  only  yield  a  fraction  of  a  milligramme  of  nitrogen,  whilst 
experiment  proved  that  it  did  not  suffer  sensible  decomposition 
when  exposed  in  the  open  air  during  a  whole  year. 

5.  During  the  passage  of  the  air,  the  excess  of  pressure  is  upon 
the  inside  of  the  enclosing  vessel,  instead  of,  as  in  the  experiments 
of  others,  upon  the  outside,  and  hence,  any  leakage  would  be  from 
within  outwards,  instead  of  from  without  inwards,  by  which 
extraneous  combined  nitrogen  might  be  introduced;  and  when 
the  air  is  not  passing,  any  pressure  in  the  opposite  direction,  due 
to  changes  of  temperature  and  barometric  condition,  can  never 
exceed  that  required  to  drive  air  inwards  through  the  sulphuric 
acid  in  the  bulb-apparatus  M. 

6.  The  part  of  the  apparatus  which  is  most  liable  to  leak,  and 
would  be  the  most  damaged  by  pressure,  is  subjected  to  the 
minimum  amount  of  it,  the  only  pressure  exerted  upon  the  glass 
shade  being  the  amount  requisite  to  force  the  air  through  the 
bulb-apparatus  M. 

Lastly,  in  reference  to  the  arrangements  for  experiment,  it 
may  be  observed,  that  the  proportions  of  nitrogen  and  oxygen  in 
the  air  can  be  only  very  immaterially  affected  by  absorption  under 
the  influence  of  the  slightly  increased  pressure  in  the  vessel  A  ; 
that  provided  the  whole  of  the  carbonic  acid  of  the  air  were 
absorbed  by  the  water,  this  would  be  of  no  consequence,  arrange- 
ments being  made  for  its  artificial  supply ;  and,  that  although  the 
air  may  take  up  a  considerable  amount  of  water  in  the  vessel  A, 
it  must  lose  most  or  all  of  it  in  passing  through  the  sulphuric 
acid  in  the  bottles  B  and  C,  and  over  the  pumice  saturated  with 
sulphuric  acid  in  I>  D,  and  the  re-dried  air  will  pass  too  rapidly 
through  the  carbonate  of  soda  solution  in  E  for  re-saturation, 
whilst,  as  the  air  will  be  cooler  before  it  enters  the  shade  than 
within  it,  it  will  not  be  then  so  near  its  point  of  saturation. 

The  conditions  of  atmosphere  provided  were  proved  to  be 
adapted  for  healthy  growth,  by  growing  wheat,  barley  and  beans, 
under  the  adopted  conditions,  but  in  a  good  garden  soil,  when 
luxuriant  vegetation  was  the  result.     (See  fig.  13,  plate  III.) 

The  conditions  of  the  artificial  soils  were  shown  to  be  suitable 
for  the  purposes  of  the  experiments  by  the  fact,  that  plants  grown 
in  such  soils,  and  in  the  artificial  conditions  of  atmosphere,  de- 
veloped luxuriantly  if  only  manured  with  substances  supplying 
combined  nitrogen.     (See  figs.  7-12,  plate  III.) 
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Taking   up  the  Plants y   Preparatimi  for  Analysis,  Methods  of 

Analysis,  &c. 

At  the  termination  of  growth,  the  glass  shade  was  washed  out- 
side, qnicksilver  was  poured  into  the  groove,  to  displace  from  it 
the  condensed  water  not  removable  by  the  arrangement  of  1857, 
or  collected  in  the  bottle  O  of  1858,  as  the  case  might  be,  and  the 
shade  was  then  removed.  The  previously  covered  portions  of  the 
slate  or  stone-ware  lute  were  then  washed  with  pure  distilled  water, 
and  the  washings  added  to  the  condensed  or  drain-water.  In  the 
experiments  of  1858  this  fluid  was  analysed  separately,  but  in 
those  of  1857,  it  was  mixed  and  dried  down  with  the  soil. 

The  pot  with  its  contents,  was  removed  to  a  clean  table  covered 
with  white  paper,  the  plants  measured  in  all  their  parts,  and  then 
cut  off  at  the  surface  of  the  soil ;  the  roots  were  removed,  slightly 
washed  from  soil  and  their  character  noted.  The  plants  were  then 
put  into  a  small  wide-mouthed  bottle,  generally  stem  and  root 
together,  but  sometimes  they  were  put  into  separate  bottles.  In 
the  experiments  of  1857  the  contents  of  the  bottles  were  dried  in 
a  water-bath,  with  a  current  of  air,  previously  washed  with 
sulphuric  acid,  passing  through  the  bottle  and  thence  through  a 
solution  of  a  known  quantity  of  pure  oxalic  acid  ;  but  as  no 
appreciable  amount  of  ammonia  was  thus  accumulated,  in  1858  a 
little  oxalic  acid  (in  solution)  was  added  to  the  vegetable  matter, 
and  the  whole  dried  in  the  water-bath  without  the  above  pre- 
caution. 

When  dry,  the  vegetable  matter  was  cut  small  by  means  of 
a  pair  of  clean  long  scissors  reaching  to  the  bottom  of  the  bottle, 
and  it  was  afterwards  still  further  reduced  by  grinding  up  in  the 
mortar  when  mixed  with  soda-lime  for  analysis.  When  duplicate 
analyses  were  made,  the  matter  was  carefully  divided,  so  as  to 
ensure  equal  proportions  of  stem,  fine  leafy  matter,  Ac.,  in  each 
half;  so  that,  if  both  analyses  were  successful,  the  results  were 
mutually  confirmatory,  or  if  one  portion  were  lost,  the  other  re- 
presented a  proportional  amount  of  the  whole. 

The  soil  was  removed  from  the  pot  to  a  porcelain  dish,  and 
a  sufficient  amount  of  a  solution  of  oxalic  acid  added  to  keep  it 
acid.  The  mixture  was  then  heated  on  a  sand-bath,  stirring  con- 
stantly, until  most  of  the  water  was  expelled,  more  fully  dried  in 
the   water- bath,  and   then    preserved  in   well-corked   bottles   for 
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anialysis.  The  pots  were  pounded  up ;  those  of  1857  being  pre- 
served and  analysed  separately,  and  those  of  1 858  mixed  with  the 
soil  before  it  was  dried  with  oxalic  acid.  The  pieces  of  flint  at 
the  bottom  of  the  pot  were  also  pounded  and  mixed  with  the 
soil. 

For  analysis,  150  to  200  grammes  of  the  soil,  pot,  or  mixture, 
were  mixed  with  about  half  the  volume  of  soda-lime,  the  whole 
put  into  a  large  combustion-tube,  some  soda-lime  put  in  advance  of 
the  mixture,  and  then  asbestos,  as  usual.  The  combustions  were 
made  in  charcoal  furnaces,  and  the  ammonia  collected  in  titrated 
sulphuric  acid  (see  p.  43).  When  very  small  quantities  of  nitrogen 
were  evolved,  the  ammonia  from  two  or  three  tubes  of  substance 
was  sometimes  collected  in  the  same  quantity  of  acid,  so  as  to 
diminish  the  error  of  titration.  It  was  found,  however,  to  be  better 
to  use  very  small  quantities  of  acid,  and  to  estimate  the  product  of 
each  combustion  separately ;  for,  by  the  former  method,  if  any 
accident  occurred  in  the  second  or  third  combustion,  it  involved 
the  loss  of  the  determination  of  the  pi^acts  previously  col- 
lected. 

Preparation  of  the  Titrated  Sobdions. — A  weighed  quantity  of 
pure,  dry,  carbonate  of  soda  was  dissolved  in  water,  and  water 
added  to  a  given  volume.  As  a  preliminary  step,  the  strength  of 
some  dilute  sulphuric  acid  was  tested  against  a  given  volume  of 
the  carbonate  of  soda  solution ;  and  from  the  data  obtained,  by 
further  dilution  a  large  quantity  of  acid  was  made  of  about  the 
strength  desired.  The  exact  value  of  this  acid  was  then  as- 
certained. To  accomplish  this,  a  given  volume  of  the  carbonate 
of  soda  solution  was  put  into  a  beaker,  a  little  litmus  added,  and  the 
mixture  heated  over  a  spirit  lamp.  The  acid  was  then  allowed  to 
flow  from  a  burette  until  a  wine-red  colour  (indicating  the  presence 
of  bicarbonate  with  carbonic  acid  in  solution)  was  produced.  On 
boiling,  the  blue  colour  is  restored ;  acid  is  added  until  red ;  the 
boiling  is  repeated  until  the  blue  returns ;  acid  again  added,  and 
so  on,  until  the  solution  remains  red  on  the  addition  of  the  last 
drop.  The  point  at  which  the  permanent  change  takes  place  in  the 
first  trial  being  known,  the  experiment  is  easily  repeated  so  as  to 
ensure  great  accuracy. 

Thus,  50  septems  of  carbonate  of  soda  solution,  of  which  1,000 
septems  contained  6*652  grammes  of  the  salt,  required,  for  neutrali- 
zation, in  six  difierent  trials— 58-3,  58-2,  588,  &8-3,  58-2,  58-2 j 
mean  58*25  septems.     Hence — 
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e-662         50  N  6-652  50  14 

TUOO   ^  58^  '^  NiiOCO;  -  lOOO  ^    68^  ^  STSS  "  0001508  gramme  N. 

The  mean  of  six  experiments  with  a  solution  of  carbonate  of 
soda   of  another  strength  gave,  in   the    same    way,  0001 5008 
gramme  nitrogen.     The  mean,  or  0*001504  gramme,  was  there- 
fore adopted  as    the  amonnt  of   nitrogen    corresponding,  to   1 
septem  of  the  titrated  acid. 

As  the  alkali,  to  test  against  this  standard  acid,  a  solution  of 
SQgar-lime  was  first  employed,  but  being  found  liable  to  constant 
change,  due  doubtless  to  fermentation,  a  solution  of  caustic  soda 
was  had  recourse  to.  The  burette  was  of  small  enough  diameter 
to  allow  of  one-tenth  of  a  septem  being  read  off  on  it,  and  the 
alkali-solution  was  so  dilute  that  it  required  about  3  septems  of  it 
to  neutralise  1  septem  of  the  acid.  Hence,  1  septem  of  the 
alkali-solution  corresponded  to  only  about  half  a  milligramme  of 
nitrogen,  and  the  probable  error  of  reading  would  therefore  be 
only  about  one-twentieth  of  a  milligramme — ^an  amount  much  less 
than  would  be  admissible  as  error  of  analysis.  In  the  case  of  the 
sugar-lime  solution  it  was  found  necessary  to  test  its  strength 
against  that  of  the  acid  every  day  that  it  was  employed.  But  the 
soda-solution,  if  properly  prepared,  and  well  preserved,  remained 
for  months  unchanged. 

Amount  cmd  measurement  of  the  Titrated  Acid  used  in  Nitrogen 
Determinations, — ^It  was  desirable  that  at  least  8  times  as  much 
acid  should  be  used  as  would  be  neutralised  by  the  ammonia 
formed.  The  acid  being  more  concentrated  than  the  alkali,  it 
required  a  more  exact  method  of  measurement ;  and  pipettes,  of 
which  the  diameter  at  the  point  of  reading  off  was  comparatively 
small,  were  therefore  employed ;  in  the  construction  of  which, 
care  was  taken  to  maintain  the  same  relation  of  the  diameter  of 
the  neck  at  the  point  of  reading  to  the  entire  volume  in  instru- 
ments  of  different  sizes — a  condition  seldom  observed  by  makers 
of  pipettes.  When  the  quantity  of  nitrogen  involved  in  an 
analysis  was  very  small  (as  is  the  case  of  the  soils  and  pots  in  the 
experiments  without  nitrogenous  manure),  only  about  6  septems 
of  the  titrated  acid,  measured  in  a  small  pipette  with  a  very 
narrow  neck  were  used,  the  exact  volume  of  which  was  of  no 
consequence,  it  being  only  essential  to  ascertain  its  exact  value 
expressed  in  septems  of  the  titrated  alkali-solution.  When  the 
amount  of  nitrogen  involved  was  larger,  as,  for  example,  when 
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grains  were  to  be  analysed,  sufficient  accuracy  was  attained  when 
the  substance  experimented  upon  contained  5  to  8  milligrammes, 
or  more,  of  nitrogen. 

Combvstion'-i'uhes,  Bulbs,  &c. — The  tubes  used  in  the  determina- 
tions of  nitrogen  in  the  soils,  pots,  Ac.,  were  about  3  feet  long 
and  about  1  inch  in  diameter.  The  bulb-apparatus  was  capable  of 
holding  two  and  a  half  to  three  times  as  much  fluid  as  that  usually 
employed ;  but  the  central  and  lowest  bulb,  and  particularly  its 
tubular  connexions  with  the  other  bulbs,  were  very  small,  so  that 
a  small  quantity  of  liquid  could  close  the  passage.  This  arrange- 
ment was  necessary,  owing  to  the  small  quantity  of  acid  frequently 
used,  and  the  large  amount  of  water  driven  off  in  the  combustion 
from  the  large  quantities  of  soil  and  soda- lime.  For  the  com- 
bustion of  the  experimentally  grown  plants,  smaller  tubes  were 
employed ;  and  for  the  seeds,  &c.,  ordinary  combustion-tubing 
was  used. 

Soda-lime, — Before  use,  the  soda-lime  was  ignited  with  2  per 
cent,  of  pure  sugar,  in  order  to  ensure  its  freedom  from  ammonia 
yielding  matter.  It  was  then  slaked  with  pure  distilled  water, 
dried,  and  kept  in  well-corked  bottles. 

Accnracy  of  the  Method  for  the  Determination  of  Nitrogen  by 
Co^mhmiion  with  Sodonlime,  &c, — In  order  to  ascertain  the  accuracy 
of  the  method,  some  experiments  were  made  upon  the  determination 
of  small  and  known  quantities  of  nitrogen,  mixed  with .  large 
quantities  of  soil  previously  freed  from  combined  nitrogen  as 
in  the  preparation  of  the  soils  for  the  plant-experiments.  The 
nitrogenous  substance  taken  was  the  powdered  crystals  of  purified 
quadroxalate  of  ammonia — 

^2'  1°-  (^«0»)*  +  7H0. 

The  results  were — 

Experiment  1. — 50  grammes  of  prepared  soil,  mixed  with 
quadroxalate,  containing  by  calculation  0-0024  gramme  nitrogen, 
gave  on  burning  with  soda-lime,  and  determining  as  above,  0-0027 
gramme. 

Experiment  2. — 100  grammes  of  soil,  mixed  with  quadroxalate, 
equal  by  calculation  to  0*0035  gramme  nitrogen,  gave  on  combus- 
tion 00037  gramme. 

The  error  of  analysis  was,  therefore,  three-tenths  of  a  milli- 
gramme of  nitrogen  with  the  50  grammes,  and  two-tenths  with 
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the  100  grammes  of  soil.  These  resalts  were  obtained  at  the 
commencement  of  the  inquiry,  with  comparatively  large  quantities 
of  the  titrated  acid,  and  before  experience  had  suggested  the  pre- 
cautions to  be  adopted  to  reduce  the  errors  of  determination  to 
the  minimum.  They  may  hence  be  taken  as  examples  of  the 
maximum  errors  of  analysis,  but  they  are  less  than  would  affect 
the  bearing  of  the  results  in  the  investigation  on  the  question  of 
assimilation. 

Qualitative  Examination  for  Nitric  Acid, — The  indigo  test,  as 
recently  refined  by  Boussingault,*  and  the  protosulphate-of- 
iron  test,  were  both  employed.  When  nitric  acid  was  sought  for 
and  not  found,  the  negative  result  was,  if  practicable,  always  con- 
trolled by  the  addition  to  some  of  the  substance  under  examina- 
tion of  a  quantity  of  nitric  acid  (in  the  form  of  nitrate)  less 
than  could  affect  any  conclusions  to  be  drawn  from  the  fact  of 
its  presence  or  absence  in  the  substance  in  question  ;  and,  in  all 
such  cases,  the  re-examination  showed  the  presence  of  nitric 
acid. 

The  method  of  Boussingault  was  much  more  delicate  than 
the  protostilphate-of-iron  test ;  but,  on  the  other  hand,  the  latter 
was  much  less  liable  to  give  deceptive  indications,  dependent  on 
other  circumstances  than  the  presence  of  nitric  acid.  In  using 
the  protosulphate  test,  the  aqueous  extract  of  the  substance  under 
examination  (after  destroying  any  organic  matter  by  boiling  with 
permanganate  of  potash,  &c.),  was  evaporated  to  a  small  volume 
with  excess  of  fixed  alkali,  then  transferred  to  a  test-tube,  and 
further  evaporated  till  only  a  few  drops  remained.  A  considerable 
excess  of  concentrated  sulphuric  acid  was  then  added,  and  on  the 
surface  of  the  liquid,  a  concentrated  solution  of  protosulphate-of- 
iron  was  carefully  poured,  without  agitation,  by  means  of  a  small 
pipette  with  a  mouth  of  almost  capillary  fineness.  The  characteristic 
tinge  indicated  the  presence  of  nitric  acid. 


Conditions  of  Experiment  requiring  CoUaferal  Investigation. 

Under  this  head  it  is  proposed  to  consider: — 1.  The  possible 
influence  of  ozone  in  promoting  the  formation  of  nitrogenous  com- 
pounds from  free  nitrogen,  either  within  or  in  connexion  with  th^ 

♦  Ann.  Ch.  Phya.,  vol.  xlviii.  (1866),  p.  163  et  wq. 
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plant,  or  within  the  soil,  either  directly,  or  in  connexion  with  the 
organic  matter  of  the  plant.  2.  Whether  or  not  there  be  an  evo- 
lution of  free  nitrogen  in  the  decomposition  of  nitrogenous  organic 
matt>er.  3.  Whether,  under  the  circumstances  of  the  experiments, 
there  would  be  likely  to  be  a  formation  of  nitrogenous  compounds, 
by  the  mutual  action  of  nascent  hydrogen  (evolved  by  decom- 
posing organic  matter)  and  free  nitrogen. 

With  regard  to  the  first  point,  ozone  may  be  supposed  to  occur 
within  the  cells  and  intercellular  passages  of  the  plant,  either  in 
the  gaseous  state  or  in  solution,  or  it  may  be  simply  around  the 
plant  without  existing  in  its  structures.  It  may  be  a  product  of 
the  action  of  the  sun's  rays,  by  virtue. of  which  carbonic  acid  is 
decomposed  and  oxygen  evolved,  or  it  may  result  from  other  actions 
to  which  reference  will  presently  be  made. 

To  ascertain  experimentally,  if  possible,  whether  ozone  were 
present  within  the  cells  or  intercellular  passages,  the  gases  ob- 
tained by  exhausting  plants  placed  in  water  freed  from  air  by 
boiling,  were  examined,  but  no  ozone  was  detected.     Other  experi- 
ments were  also  made,  in  which  about  an  ounce  respectively  of 
green  wheat,  barley,  oats,  beans,  and  clover,  were  placed  in  500 
cub.  cent,  of  carbonic  acid  water,  and  the  whole  subjected  to  sun- 
light, but  though  from  100-200  cub.  cent,  of  gas  were  obtained, 
which  contained  sufficient  oxygen  to  inflame  a  glowing  taper,  test- 
paper  placed  in  it  did  not  indicate  a  trace  of  ozone.     Granting, 
however,  that  ozone  may,  nnder  certain  circumstances,  be  a  pro- 
duct of  the  decomposition  of  carbonic  acid  within  the  plant,  it  is 
still  a  question  whether  such  conditions  would  be  favourable  to  its 
oxidating  free  nitrogen ;  an  action  which  will  obviously  be  depend- 
ent  on  the  intensity  of  the  reducing  power  of  other  substances 
present.     The  investigations  of  Sch5nbein  and  others  appear  to 
show  that,  under  certain  circumstances,  nitric  acid  may  be  formed 
by  the  mutual  action  of  ozone  and  free  nitrogen  ;  but  the  question 
is,  whether  these  circumstances  are  presented  in  the  cells  and  in- 
tercellular passages  of  growing   plants,  a  point  which  we  have 
sought  to  study  by  the  examination  of  the  gases  they  contain  under 
various  circumstances. 

Plants,  or  parts  of  plants,  were  put  into  a  flask  filled  with  water 
which  had  been  freed  from  air  by  boiling  ;  a  cork,  through  which 
a  bent  glass  tube  was  passed,  was  then  pressed  into  the  flask, 
filling  the  tube  with  the  displaced  water.     The  flask  was  then 
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placed  over  a  lamp,  the  water  boiled,  and  the  expelled  water  and 
gas  collected  over  mercury,  the  boiling  being  continued  until  the 
vaponr  produced  expelled  most  of  the  water  collected  over  the 
mercury.  The  gas  so  obtained,  in  numerous  experiments,  consisted 
entirely  of  nitrogen  and  carbonic  acid,  without  any  oxygen ;  from 
which  it  is  obvious  that  the  reducing  power  of  the  carbon  compounds 
in  the  vegetable  cells,  was  sufficient,  under  the  circumstances,  to 
consume  all  the  oxygen  (or  ozone)  that  might  be  present.  But  the 
high  temperature  at  which  the  experiment  was  conducted  must 
have  tended  very  much  to  increase  this  action. 

In  all  subsequent  experiments  a  different  plan  of  operation  was 
adopted.  The  plants  were  put  into  a  tall  glass  vessel,  14  inches 
high,  and  1*75  inch  in  diameter  (fig.  7,  plate  I),  the  mouth  of 
which  was  fitted  with  a  long  cork,  previously  well-boiled  in  bees'- 
wax,  through  which  two  glass  tubes,  a  and  b,  are  inserted.  The 
vessel  being  filled  with  water  previously  well-boiled  and  cooled 
without  access  of  air,  the  plant  is  put  in  and  well-shaken  to  remove 
adherent  air-bubbles.  The  cork  is  then  forced  in,  taking  care 
that  both  the  tubes  become  filled  with  water,  and  that  no  air  remain 
in  the  vessel.  As  a  further  security  for  tightness,  a  piece  of  thick 
caoutchouc  tubing  may  be  drawn  over  the  neck  of  the  vessel,  pro- 
jecting upwards  a  little  above  the  cork,  and  the  cup  thus  formed, 
partly  filled  with  melted  wax,  forming  a  layer  over  the  cork  and 
its  joints.  A  innnel  is  then  attached  to  the  tube  by  by  means  of  a 
caoutchouc  tube  which  can  be  closed  by  a  strong  pinch-cock. 
Water  being  admitted  through  the  funnel  into  the  tube  b,  the 
tube  a  becomes  filled,  and  it  is  then  brought  into  connexion,  by 
means  of  a  glass  tube  and  caoutchouc  joint  fitted  with  a  pinch- 
cock,  with  a  vessel  filled  with  quicksilver.  The  connexion  being 
opened,  the  quicksilver  is  allowed  to  flow  from  the  vessel  by 
means  of  a  long  tube,  of  more  than  barometric  length,  fitted  into 
the  lower  part  of  it,  thus  forming  a  Torricellian  vacuum  in  the 
mercury  vessel.  The  gas  from  the  plant  passes  over  into  the 
vacuum,  and  by  a  simple  arrangement  is  collected  in  an  eudiometer 
tube  for  examination. 

The  following  table  (VIII)  shows  the  amount  and  composition 
of  the  gas  obtained  in  the  manner  above  described,  from  difierent 
plants,  in  the  shads : — 
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Tablb  VII  L 


Date. 


Description. 


Total 

gas  col- 

lected; 

cub. 

cents. 


Per  cent. 


Nitrogen. 


n.^^^^    Carbonic 
^^«^'''      acid. 


June  16. 
June  17. 
June  16. 
June  16. 
June  16. 


Whole  plant 
Whole  plant 
Whole  plant 
Whole  plant 
Whole  plant 


Beans;  1858. 


June  17. 
June  17. 
June  17. 
June  17. 


jWhole  plants  comingt 
(  into  flower  \ 
fWhole  plants  coming) 
I  into  flower  [ 
r Whole  plants  coming) 
(  into  flower  \ 
jWhole  plants  coming| 
(         into  flower         [ 


Oxygen 

and 
carbonic 

acid. 


Wheat  ; 

1858. 

57  0 

77-72 

2-28 

2000 

65-3 

77-94 

5-06 

1700 

570 

78-60 

1-75 

19  65 

65-7 

77-38 

323 

1939 

65-7 

•  82-50 

0  30 

17-20 

22-28 
2206 
21-40 
22-62 
17-50 


Barley ; 

1857. 

June  24. 

Whole  plant 

8-6 
20-9 

85-12 
81-48 

3-93 
1-97 

10  95 
16-56 

14-88 

June  24. 

Whole  nlant 

18*52 

54-3 

79-74 

5-16 

1610 

41-5 

86-74 

4-10 

916 

52-6 

80-38 

4-38 

15-24 

60-4 

84-33 

4  36 

11-31 

20-26 
13-26 
19-62 
1567 


Clover ; 

1857. 

Aug.  10. 
Aug.  10. 
Aug.  11. 
Aug.  11. 

Heads 

47-7 
69-8 
91-0 
42-3 

85-61 
83-23 
8716 
78-32 

600 
233 
1-89 
1-31 

8-39 
14-44 
10-96 
20-37 

]4'39 

Stems  and  leaves 

Heads 

16-77 
12-85 

Stems  and  leaves 

21-58 

These  results  show  that  the  reducing  power  of  certain  of  the 
carbon  compounds  of  the  plant  was  sufiScient  to  convert  nearly 
the  whole  of  the  oxygen  (or  ozone)  present,  into  carbonic  acid, 
when  in  the  shade. 

Over  100  exhaustions  were  made,  precisely  as  in  the  case  of 
the  last  experiments,  with  the  exception  that  the  plants  were 
exposed,  during  the  whole  process,  to  the  direct  rays  of  the  sun. 
Table  IX  exhibits  a  few  of  the  results  obtained  : — 
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Tablb  IX. 


Date. 


How  maanred,  &c. 


Total 
eaa  col- 
lected; 

cab. 

cents. 


Per  cent. 


Nitrogen.  Oxygen. 


Carbonic 
acid. 


Wheat  (whole  planU) ;  1858. 


Oxygen 

and 
carbonic 

acid. 


June  22. 
Jane  23. 
Jane  30. 

Jane  22. 
Jane  23. 
June  26. 


)  Unmannred 

Unmanared 

Unmanured 

Mineral  and  ammo-  \ 
niacal  manure       J 
Mineral  and  ammo-  \ 
niacal  manure       J 
f  Mineral  and  ammo-  \ 
^      niacal  manure      Jf 


{ 


26-.S5 
22-99 
27-21 

26-24 
21-86 
21*2i 


GniA8  (whole  plants ;  second  crop] 

>;  1857. 

Aug.  16. 

/  Mineral  and  ammo-  \ 
\      niacal  manure       / 

39-0 

82-10 

1 
16-19 

1-71 

17-90 

Aug.  15. 

/  Mineral  and  ammo- 1 
)^      niacal  manure      / 

47-8 

77-03 

15-35 

7-67 

2292 

Aug.  15. 

f  Mineral  and  ammo-  \ 
\      niacal  manure       / 

41-6 

76-56 

21-46 

1-98 

23-44 

Aug.  17. 

1  Mineral  and  ammo-  1 
\      niacal  manure       J 

89-9 

76-07 

23-39 

1-64 

24-93 

Aug.  18. 

t  Mineral  and  ammo-  1 
\      niacal  manure      J 

36-8 

79-88 

1619 

493 

20-12 

Aag.  18. 

f  Mineral  and  ammo-  *l 
\      niacal  manure      / 

42*3 

80-23 

15-97 

3-80 

19-77 

Beans;  1868. 

1  1-  lo     r  Mineral  manure;  al-  \ 
^^^J^^'    ^     most  podding         ( 

44-3 

7111 

18-28 

10-61 

?A-A9 

i«i»  i«     /  F»rm-yard  manure  ;  \ 
••"'^  '*•  ,  1     almost  podding     / 

45-8 

73-14 

10-26 

16-60 

26-86 

,  ,    1.    1  /  Unmanured:  almost ) 
'»'y^"-!1     podding                / 

25-9 

82-63 

16  83 

1-64 

17-3/ 

r  Mineral  and  ammo-*| 

July  15. 

\     niacal  manure;  al-  j 
[     most  podding        J 

30-9 

70-56 

20-71 

8-74 

29-45 

The  general  accordance  in  the  proportions  of  nitrogen  through- 
out this  series,  together  with  their  general  approximation  to  the 
amounts  observed  in  the  preceding  series,  and  the  consequent 
similarity  in  the  range  of  the  sums  of  the  two  remaining  gn.ses  — 
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carbonic  acid  and  oxygen — ^point  to  the  character  of  the  change 
by  virtue  of  which  the  proportion  of  carbonic  acid  is  diminished , 
and  that  of  oxygen  increased.  The  variations  are,  nevertheless^ 
somewhat  considerable;  nor  do  we  feel  confidence  in  referring- 
them  to  any  other  than  accidental  causes.  There  can  be  no 
doubt,  however,  that  the  carbonic  acid  shown  to  exist  in  the  plants 
in  the  shade  yields  the  oxygen  evolved  in  the  sunlight. 

The  results  which  follow  will  show  the  influence  of  the  time  of 
action  of  the  sunlight  on  the  plant,  upon  the  relative  proportions 
of  carbonic  acid  and  oxygen. 

Duplicate  quantities  of  plant  were  operated  upon,  both  being 
prepared  in  the  shade ;  the  vessels  were  then  excluded  from  the 
light  by  means  of  a  thick  paper  covering ;  and,  in  this  condition, 
each  was  attached  to  a  Torricellian  exhauster  (the  apparatus  above 
described).  The  covering  being  then  removed  from  one  of  the 
vessels,  exposing  it  and  its  contents  to  the  direct  rays  of  the  sun, 
and  the  other  remaining  covered,  the  exhaustion  of  both  was 
then  commenced  immediately,  and  the  action  continued  for  half- 
an-hour.     The  following  results  were  obtained  in  this  manner : — 


Tablb  X. 


Descrip- 
tion of 
plant. 

Conditions 

during 
exhaustion. 

Total 

gas 

collected. 

Per  cent. 

Date. 

Nitro- 
gen. 

Oxygen. 

Carbonic 
acid. 

Oxygen 

and 
oarboDio 

acid. 

(1868) 

July  22. 
July  23. 
July  23. 
July  23. 

Beans. 
OaU. 

* 

Oats. 

Oats 

Oats. 

r  In  dark  .. 
In  sunlight 

r In  dark  ... 
\  In  sunlight 

fin  dark  ... 
\  In  sunlight 

rin  dark  ... 
\  In  sunlight 

rin  dark  ... 
^  In  sunlight 

cub.  cents. 
25-7 
36  4 

28-3 
26-9 

26-4 
22-7 

27-4 
29-2 

31-4 
21-7 

66-93 
69-78 

81-63 
70-27 

7311 
72-26 

68-26 
67-47 

77-39 
76-60 

2-33 
8-24 

3-53 
13-13 

8-33 
16-74 

6-11 
19-86 

6-69 
1669 

30-74 
21-98 

14-84 
15-60 

18-56 
1101 

26-64 
12  67 

16-92 
6*91 

33-07 
30-22 

18-37 
29-73 

26-89 
27-75 

31-75 
3253 

22-61 
23-50 

The  results  clearly  indicate  the  ready  transformation,  in  sunlight, 
of  carbonic  acid  into  a  solid  carbon-compound  and  free  oxygen  ; 
and  they  have  an  important  bearing  on  the  question  under  con- 
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fiideration,  showing,  as  they  do,  the  powerful  reducing  action 
exerted  upon  the  carbonic  acid  under  the  influence  of  the  sun's 
rajTB. 

The  experiments  next  cited  were  arranged  to  show  whether  the 
redaction  of  the  carbonic  acid  was  more  probably  due  to  the  action 
of  the  sunlight  at  the  moment  of  the  passage  of  the  gas  through 
the  walls  of  the  cell,  or  whether  the  oxygen  were  liberated  within 
the  growing  cell.  Duplicate  portions  of  plant  were  prepared 
exactly  as  in  the  experiments  last  referred  to,  and  both  were  kept 
in  the  dark  for  some  time  before  commencing  the  exhaustion ; 
then,  one  being  still  covered,  and  the  other  exposed  to  sunlight, 
both  were  submitted  to  exhaustion  for  four  or  five  minutes  only, 
increased  quantity  of  plant  being  operated  upon  in  order  to  obtain 
snfiicient  gas  during  this  short  period.  Table  XI  gives  the  results 
80  obtained : — 

Table  XI. 


Deacrip- 

tion  of 

plant. 

Conditions 

dnring 
exhaustion. 

Total 

gas 

collected. 

Per  cent. 

Date. 

• 

Nitro- 
gen. 

Oxygen. 

Carbonic 
acid. 

Oxygen 

and 
carbonic 

acid. 

(1858) 
July  30. 

Oats. 

/In  dark  ... 
\  In  sunlight 

cub.  cents. 
41-7 
42-5 

72-42 
72-23 

3-60 
4-71 

23-98 
23  06 

27-58 
27-77 

July  30. 

Oats. 

i  In  dark  ... 
\  In  sunlight 

66-7 
43-3 

71-46 
69-98 

3-23 
323 

26-31 
26-79 

28-64 
30-02 

July  30. 

Oats. 

/In  dark-  ... 
\^  In  sunlight 

37-9 
38-5 

83-11 
77-14 

6-86 
9-09 

1003 
13-77 

16-89 
22-86 

July  31. 

Oats. 

/  In  dark  ... 
\  In  sunlight 

34-4 
41-8 

78-49 
75-84 

7-27 
7-89 

14-24 
16-27 

21-61 
24*16 

It  would  appear  that  carbonic  acid  can  pass  through  the  cell- 
wall  under  the  influence  of  sunlight  without  sufiering  decomposi- 
tion, and  hence  that  the  oxygen  yielded  by  a  plant  which  has 
been  for  some  time  exposed  to  the  direct  rays  df  the  sun,  existed 
as  such  in  the  cell  before  the  exhaustion.  The  slight  preponderance 
of  oxygen  in  the  gas  exhausted  in  sunlight  was  doubtless  due  to 
its  action  upon  the  carbonic  acid  within  the  cell  during  the  short 
period  of  the  operation,  just  as  when  the  plant  is  subjected  to 
ordinary  atmospheric  pressure. 

e2 
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In  order  to  bring  out  more  clearly  the  influence  of  sanligiKt 
before  the  exhaustion,  experiments  were  made  in  which  duplicate 
quantities  of  plant  were  each  covered  for  some  time,  the  paper  was 
then  removed  from  one,  and  then,  afber  an  interval  of  from  20  to 
80  minutes,  the  exhaustion  of  both  was  commenced,  and  continued 
for  10,  15,  or  20  minutes*    The  following  results  were  obtained : — 


Table  XII. 


IDate. 


-July  3X. 
August  2. 
AagQst^. 
Angast^. 
AugiiBtS. 

Anga8t3. 
AngiuitS. 


Descri(>- 
tion  of 
plant. 


OaU. 
.OaU. 
vOaU. 
OaU. 

O^tB. 

Qats. 
Qata. 


Conclitiom 
before  and 

daring 
exhaustion. 


f  In  dark  . 
X  In  sanlight 


{ 
{ 


In  dark  . 
In  Bunligbt 

In  dark  . 
In  sanlight 

In  dark  . 
In  sanlight 


:f  In  dark  . 
;|  In-mmlight 

;  r  In  dark  . 
\  In-aiinlight 


{ 


In  dark  . 
In  aonlight 


Total 

gas 

collected. 


cnb.  cents 

240 

d4-5 

18-6 
39  2 


80-7 
26-5 

170 
28-6 

29-8 
321 

11-6 
231 

17-0 
19-7 


Nitro- 
gen. 


77-08 
68-69 

68-28 
67-86 

76-87 
69-43 

79-41 
76-22 

81-88 
66-36 

66-52 
70-56 

8000 
7310 


Per  oeikt. 


Oxygen. 


8-75 
24-93 

10-21 
25-25 

8-14 
27-17 

7-66 
18-53 

6-38 
30-63 

6-90 
2035 

5-88 
22*33 


Carbonic 
acid. 


1917 
6-38 

21-51 
6-89 

14-99 
3-40 

12-94 
5-25 

11-74 
311 

27-58 
909 

1412 
4-67 


Oxygen 

and 
carbonio 

acid. 


82  92 
31*31 

31-72 
32-14 

2313 
30-67 

20-59 
2378 

18-12 

33  64 

34  48 
29*44 

20-00 
26-90 


The  coiyparison  -of  these  results  with  those  in  Table  XI,  together 
^th  a  confiideration  of  the  &ct  that,  as  soon  as  the  pressure  was 
removed,  the  gas  was  evolved  from  all  parts  of  the  leaf,  and  not 
from  the  surrouoding  water,  fihows  that  the  oxygen  must  have 
been  liberated  and  retained  within  the  cells  until  the  instant  of 
exhaustion. 

The  reaoltsof  ikiB  part  of  the  enquiry  may  be  briefly  summed  up 
as  follow  :-— 

1.  Carbonie  acid^  within  growing  vegetable  cells  and  intercellu- 
lar passages,  suffers  decomposition  very  rapidly  on  the  penetration 
of  the  sun's  raya,  oxygen  being  liberated,  and  remaining  within 
the  plant,  or  being  evolved  from  it. 
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2.  Living  vegetable  cells,  in  the  dark,  or  not  penetrated  by  the 
direct  rays  of  the  sun,  consume  oxygen  very  rapidly,  carbonic  acid 
liemg  formed. 

3.  Hence,  the  proportion  of  oxygen  must  vary  greatly,  accord- 
ing to  the  position  of  the  cell,  and  to  the  external  conditions  of 
light;  and  it  will  oscillate  under  the  influence  of  the  reducing 
force  of  carbon-matter  (forming  carbonic  acid)  on  the  one  hand, 
and  that  of  the  sun's  rays  (liberating  oxygen  and  forming  carbon- 
compounds  containing  less  oxygen  than  carbonic  acid)  on  the 
other.  Both  actions  may  go  on  simultaneously,  according  to  the 
depth  of  the  cell ;  and,  according  to  the  laws  in  conformity  with 
which  the  diffusion  of  gases,  and  their  passage  through  tissues, 
take  place,  the  oxygen  of  the  outer  cells  would  be  continually 
penetrating  to  the  deeper  cells,  and  there  oxidising  carbon-matter, 
whilst  carbonic  acid  would  pass  in  the  opposite  direction,  and  be 
decomposed  under  the  influence  of  sunlight  in  the  outer  cells ; 
and  the  once  outer  cells,  as  they  become  more  deeply  buried,  may 
gradually  pass  from  the  state  in  which  the  sunlight  is  the  more 
powerful,  to  that  in  which  the  carbon-matter  is  the  more  powerful 
reducing  agent — from  the  state  in  which  there  is  a  flow  of  carbonic 
acid  to  them,  and  of  oxygen  from  them,  to  that  in  which  the  re- 
verse action  takes  place.  Thus,  oxidised  products — acids,  saccha- 
rine matter,  &c. — may  be  formed  in  the  deeper-  cells,  and  in  the 
outer  cells  more  highly  carbonised  substances,  which,  in  their 
turn,  become  oxidised  when  buried  deeper. 

4.  The  great  reducing  power  operating  in  those  parts  of  the 
plant  where  ozone  is  most  likely,  if  at  all,  to  be  evolved,  seems 
unfavourable  to  the  oxidation  of  nitrogen ;  that  is,  under  circum- 
stances in  which  carbon-matter  is  not  oxidised,  but,  on  the 
contrary,  carbonic  acid  is  reduced,  and,  when  beyond  the  in- 
fluence of  the  direct  rays  of  the  sun,  the  cells  seem  to  supply  an 
abundance  of  the  more  easily  oxidised  carbon  matter,  should  free 
oxygen,  or  ozone,  be  present.  Further,  on  the  assumption. that 
nitrates  are  available  as  a  source  of  nitrogen  to  plants,*  if  it  were 
admitted  that  nitrogen  was  oxidated  within  the  plant,  it  must  be 
supposed  (as  in  the  case  of  carbon)  that  there  are  conditions 
under  which  an  oxygen-compound  of  nitrogen  may  be   reduced 


*  In  reference  to  this  point,  it  may  be  mentioned  that  several  specimeTi^  9%^ 
green  wheat  and  grass,  which  had  been  liberally  manured  with  nitrate  of  ^c^lv 
were  examined  for  nitric  acid,  but  no  trace  of  it  was  found  in  them  • 
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within  the  organisin,   and    that  there  are  others  in  which   the 
reverse    action,    namely,   the  oxidation  of   nitrogen,   can    take 

place. 

5.  Bearing  npon  the  questions  under  consideration,  but  illus- 
trated by  experiments  to  be  referred  to  further  on,  it  may  be 
stated,  that  so  great  is  the  reducing  power  of  certain  carbon- 
compounds  of  vegetable  matter,  that  when  the  growing  process 
has  ceased,  and  all  the  firee  oxygen  in  the  cells  has  been  consumed, 
water  is  decomposed,  and  hydrogen'  evolved ;  but,  as  the  action 
does  not  continue  long,  it  would  appear  either  that  the  cell-matter 
loses  its  reducing  power  after  being  slightly  oxidized,  or,  more 
probably,  that  the  cell  provides  a  certain  amount  of  matter  more 
easily  oxidized  than  the  remainder. 

The  suggestion  arises,  whether  ozoue  may  not  be  formed  under 
the  influence  of  the  powerful  reducing  action  of  the  carbon-com- 
pounds of  the  cell  on  the  oxygen  eliminated  from  carbonic  acid 
in  sunlight,  rather  than  under  the  direct  action  of  the  sunlight 
itself — that  is,  in  a  manner  analogous  to  that  in  which  it  is  ordi- 
narily obtained  by  allowing  oxygen  to  come   into  incomplete  or 
only   instantaneous   contact   with  phosphorus  ?     Certain  carbon- 
compounds  of  the  vegetable  cell  have  a  great  afllinity  for  oxygen 
in  the  dark,  and  the  oscillations  of  the  affinities  (due  to  the  degree 
of  light  and  to  the   depth  of  the  cell)  would   afford   conditions 
somewhat  similar  to  those  under  which  ozone  is  produced  in  the 
presence   of   phosphorus.     But,   even   were   the  action   as   here 
supposed,  it  may  be  questioned  whether  the  ozone  would  not  be 
at  once  destroyed  in  contact  with  the  carbon-matter  present.     It 
is  more  probable,  however,  that  the  ozone  said  to  be  observed  in 
the   vicinity  of  vegetation,  is  due  to  the  intense   action  of  the 
oxygen  of  the  air  upon  minute  quantities  of  volatile  hydro-carbons 
emitted  by  the  plants,  than  to  any  action  within  the  cells  ;  and  it 
is  in  favour  of  this  view,  that  ozone  has  been  observed  most  readily 
in  the  vicinity  of  such  plants  as  emit  freely  essential  oils. 

If  ozone  be  found  in  any  way  in  connexion  with  the  growing 
plant,  it  might  be  supposed  to  act  in  an  indirect,  if  not  in  a  direct 
manner,  as  a  source  of  combined  nitrogen  in  experiments  on  the 
question  of  the  assimilation  of  firee  nitrogen  by  plants — (1)  by 
oxidating  the  nitrogen  dissolved  in  the  water  within  the  apparatus, 
(2)  by  forming  nitrates  in  contact  with  the  moist,  porous,  and 
alkaline  soil,  Qi)  by  oxidating  the  free  nitrogen  in  the  cells  of  the 
older  root«  or  that  evolved  in  their  decomposition. 
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With  a  view  to  the  points  above  suggested,  experiments  were 
made  to  ascertain  the  influence  of  ozonous  air  upon  organic  matter, 
and  on  certain  porous  and  alkaline  bodies,  under  various  circum- 
stances. For  the  generation  of  the  ozonous  atmosphere,  three  glass 
carboys,  each  of  about  40  litres  capacity,  were  fitted  with  stone- 
ware stoppers,  through  which  glass  tubes  passed,  connecting  the 
three  together,  the  joints  being  made  with  calcined  gypsum 
cement.  The  bottom  of  each  vessel  was  covered  with  water  to  the 
depth  of  from  a  quarter  to  half  an  inch,  so  that,  on  pieces  of 
phosphorus  being  dropped  in,  they  were  partly  covered  by  the 
fluid.  Another  tube,  which  could  be  opened  or  closed  at  pleasure, 
was  fixed  through  each  stopper  for  the  supply  of  water  and  fresh 
phosphorus,  as  needed.  A  gasometer,  of  2  cub.  feet  capacity, 
was  connected  by  a  glass  tube  with  the  first  of  the  three  vessels, 
by  which'  means  air  could  be  forced  through  them  in  a  continuous ' 
stream.  The  air,  on  passing  out,  was  led  first  through  a  wash-bottle, 
and  then  into  a  glass  vessel,  from  which,  by  means  of  eleven  glass 
tubes  passing  from  it,  it  was  distributed  into  as  many  bottles,  con- 
taining, respectively,  the  substances  to  be  submitted  to  the  action 
of  the  ozone,  each  bottle  being  fitted  with  an  exit  tube,  in  which 
were  fragments  of  pumice,  saturated  with  sulphuric  acid.  The 
following  were  the  substances  or  mixtures  operated  upon  : — 

(1)  fib.   of  ignited   soil,  moistened  with   100   cub.  centims. 
water ;  this  being  just  sufiicient  to  make  it  slightly  coherent. 

(2)  fib.  of  ignited  soil,  300  cub.  centims.  water,  2'5  ounces 
boiled  starch,  and  2 '5  ounces  dry  starch. 

(3)  jib.  of  ignited  soil,  200  cub.  centims.  water,  and  2'5  ounces 
sawdust. 

(4)  2*5  ounces  sawdust,  and  100  cub.  centims.  water. 

(5)  fib.  of  ignited  soil,  200  cub.  centims.  water,  and  2*5  ounces 
bean-meal. 

(6)  jib.  of  ignited  soil,  150  cub.  centims.  water,  and  2*5  ounces 
bean-meal. 

(7)  2*5  ounces  bean-meal,  and  50  cub.  centims.  water. 

(8)  lib.  garden  soil. 

(9)  jib.  of  slaked  lime,  and  2*5  ounces  bean-meal,  made  slightly 
pasty  with  water. 

(10)  jib.  of  slaked   lime,  some   starch,  and   sawdust,    made 
slightly  pasty  with  water. 

(11)  2*5  ounces  of  boiled  starch,  2'5  ounces  fresh  starch,  and 
200  cub.  centims.  water. 
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All  the  bottles  stood  before  a  window  where  the  sun  shone 
directly  npon  them  most  of  the  day,  as  it  did  also  for  some  hoars 
on  the  balloons.  The  experiment  commenced  in  April,  and  con- 
tinued through  the  summer  and  part  of  the  autumn,  and  the 
thermometer  in  the  room  frequently  stood  at  25°  to  29°  C. 
About  9  o'clock  every  morning,  and  once  or  twice  more  during" 
the  day,  the  cylinder  of  the  gasometer  was  raised,  and  by  its 
gradual  depression  a  slow  current  of  air  was  passed  through  the 
apparatus  during  about  two  hours.  The  amount  of  ozone  passed 
was  so  great,  that  vulcanised  caoutchouc  tubing,  first  used  for  the 
joint  with  the  tube  of  the  wash-bottle,  was  cut  off  by  the  passage 
of  a  few  gasometerfuls  of  air ;  and  the  joint  was  then  made  by 
means  of  a  piece  of  larger  glass  tubing  passed  over  the  point  of 
contact  of  the  tubes  to  be  connected,  and  closed  at  the  ends  with, 
rings  of  cork  well  fitted  upon  the  smaller  tubes.  Every  three  or 
four  days  a  small  piece  of  phosphorus  was  dropped  into  each 
balloon. 

Until  the  beginning  of  July  the  wash-bottle  was  filled  with 
large  lamps  of  pumice,  and  about  half  full  of  a  solution  of  caustic 
]K)tash,  which,  by  the  rapid  bubbling  of  the  ozonous  air  through 
it,  kept  the  pumice  moist.  An  examination  of  this  liquid,  with 
the  washings  of  the  pumice,  failed  to  show  any  trace  of  nitric 
acid.  From  the  beginuing  of  July,  the  alkaline  wash  was  replaced 
by  pure  water,  and,  at  the  termination  of  the  experiment,  these 
washings  also  gave  no  indication  of  nitric  acid. 

At  the  termination  of  the  experiment,  a  portion  of  each  sub- 
stance or  mixture  was  exhausted  with  water,  and  the  extract 
concentrated  by  boiling,  after  the  addition  of  permanganate  of 
potash  to  destroy  the  organic  matter.  The  excess  of  permanganic 
acid  was  removed  by  carbonate  of  lead,  and  the  clear  solution  filtered 
off  and  tested  for  nitric  acid ;  but  in  no  case,  excepting  that  of  the 
garden  soil  (which  examination  showed  to  contain  it  before  being 
wubjected  to  the  action)  was  there  any  indication  of  its  presence. 

It  is  not,  indeed,  hence  inferred,  that  under  no  circumstances 
can  nitric  acid  be  formed  by  the  action  of  ozone,  on  nitro- 
genous compounds  of  the  ammonia  class,  or  the  nascent  nitrogen 
evolved  from  them,  or  even  in  connexion  with  non-nitrogenous 
bodies,  or  porous  substances  permeated  with  gaseous  nitrogen,  or 
in  the  atmosphere  itself;  or  that  the  nitric  acid  in  soils  is  not  in 
l^art  due  to  some  of  these  actions.  But,  considering  the  negative 
result  with  large  quantities  of  ozonous  air,  acting  upon  organic 
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matter,  soil,  &c.,  in  a  wide  range  of  circumstances,  and  for  so  long 
a  i>eriod,  it  is  believed  that  no  error  in  the  results  of  the  experi- 
ments on  the  assimilation  of  free  nitrogen  by  plants  will  arise  from 
the  action  of  ozone  upon  free  nitrogen,  providing  to  the  plants  an 
tmaccounted  supply  of  combined  nitrogen. 

It  may  be  here  observed  that,  if  from  the  recent  results  of 
Schonbein,  on  the  formation  of  nitrogen-compounds  under  the 
influence  of  evaporation,  we  are  to  conclude  that  the  evaporation 
of  water  by  plants  during  growth  is  a  constant  source  of  such 
formation,  it  would  be  difficult  to  arrange  an  experiment  on  the 
question  of  the  assimilation  of  free  nitrogen  by  plants  that  would 
not  be  open  to  objection  ;  for  there  must  then  be  always  a  gain  of 
combined  nitrogen  in  the  experiment  due  to  the  action  supposed. 
Or,  if  such  formation  be  the  constant  result  of  evaporation  from 
the  surface  of  the  globe  (whether  land  or  water),  the  products  can 
hardly  be  supposed  to  become  in  any  material  degree  distributed 
through  the  atmosphere  :  for,  independently  of  the  character  and 
condition  of  the  products,  the  amount  of  combined  nitrogen  brought 
down  from  it  by  aqueous  deposition  in  various  forms  is  too  small  in 
proportion  to  that  annually  available  for  the  vegetation  of  a  given 
area,  to  give  countenance  to  such  a  supposition. 

Numerous  experiments  were  made  to  determine  whether  free 
nitrogen  was  evolved  during  the  decomposition  of  nitrogenous 
organic  compounds.  Two  obvious  methods  of  investigation  pre- 
sented themselves : — 1,  to  allow  the  decomposition  to  take  place 
under  circimistances  in  lyhich  any  free  nitrogen  evolved  might 
be  collected  and  estimated ;  2,  to  collect  and  estimate  the  com- 
pounds of  nitrogen  formed,  and  reckon  the  loss  of  nitrogen  as  free 
nitrogen  evolved. 

Be i set,  operating  according  to  the  first  of  these  methods,  sub- 
mitted nitrogenous  animal  and  vegetable  substances  to  decomposi- 
tion under  an  inclosing  vessel,  into  which  he  passed  oxygen  as  that 
of  the  air  was  consumed,  and  the  result  was  an  increase  in  the 
amount  of  nitrogen.  Operating  according  to  the  second  method, 
M.  G.  Ville  concluded  that,  in  several  cases,  about  one-third  of  the 
nitrogen  of  the  substance  submitted  to  decomposition  was  evolved 
n  the  free  state.  Again,  as  already  shown,  M.  Boussingault 
found  a  loss  of  nitrogen  in  his  experiments  on  the  assimilation  of 
free  nitrogen  by  plants  when  he  used  nitrogenous  organic  matter 
us  manure. 
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In  our  own  experiments,  a  given  weight  of  nitrogenous  organic 
matter,  the  percentage  of  nitrogen  in  which  was  determined,  was 
mixed  with  burnt,  washed,  and  re-ignited  sdil,  or  pumice,  and  put 
into  a  bottle  of  about  360  cub.  cents,  capacity  (see  B,  plate  I. 
fig.  8),  and  a  proper  quantity  of  water  added.  The  bottle  was 
closed  with  a  cork,  through  which  two  bent  glass  tubes  passed, 
externally  in  opposite  directions,  one  connected  with  an  eight- 
bulbed  apparatus,  A,  containing  sulphuric  acid,  and  the  other 
with  a  similar  apparatus,  C,  containing  a  solution  of  oxalic  acid, 
from  which  passed  a  bent  tube,  extending,  through  a  cork,  to  the 
bottom  of  a  second  bottle,  D,  containing  sulphuric  acid;  and 
through  the  cork  of  the  bottle  D  another  tube,  E,  also  passed, 
but  did  not  dip  into  the  acid.  On  drawing  air  at  E,  a  current 
was  established  inwards  through  the  sulphuric  acid  in  A,  by  which 
it  was  washed  free  from  ammonia,  through  the  bottle  B  with  the 
decomposing  organic  matter,  through  the  oxalic  acid  in  C,  by 
which  the  absorbable  gaseous  products  were  retained,  and  so.  on. 
At  the  termination  of  the  experiment,  the  combined  nitrogen 
remaining  in  B,  and  that  absorbed  by  the  oxalic  acid  in  C,  being 
determined,  the  amount  of  nitrogen  given  off  in  the  free  state  was 
estimated  by  difference. 

In  1857,  six  experiments  were  made,  two  with  wheat-meal,  two 
with  barley-meal,  and  two  with  bean-meal,  known  quantities  of  each 
being  mixed,  respectively,  with  about  100  grammes  of  prepared 
soil,  or  about  60  grammes  of  prepared  pumice,  the  mixtures  filling 
the  bottles  B  to  the  depth  of  about  two  inches,  and  sufficient 
water  being  added  to  bring  the  mass  into  an  agglutinated  condition. 
The  six  sets  of  apparatus  were  placed  before  a  large  window, 
where,  during  the  middle  of  the  day,  the  sun  shone  directly  upon 
them.  Several  litres  of  air  were  drawn,  by  the  mouth,  through  each 
apparatus  daily ;  and  the  experiment  was  continued  fit)m  June  10 
to  October  8.  After  a  day  or  two,  the  gas  had  a  more  or  less 
disagreeable  taste,  and  the  odour  of  decomposing  organic  matter. 
The  following  statement  condensed  from  the  notes  taken,  shows 
the  condition  of  the  several  mixtures  at  the  termination  of  the 
experiment : — 

1.  Wheat-meal  and  pumice. — Slightly  mouldy ;  odour  of  de- 
composing organic  matter ;  quite  moist,  particles  of  pumice 
adhering  together. 

2.  Wheat-meal  and  soil. — Slightly  mouldy  on  the  surface; 
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odour  as  No.  1  ;  the  mass  moist,  but  not  sufficiently  so  for  the 
particles  of  soil  to  agglutinate. 

3.  Barley-meal  and  pumice. — Not  mouldy ;  odour  like  Nos.  1 
and  2,  but  more  intense,  and  sour,  like  fermenting  malt ;  the  mass 
wet  and  clammy. 

4.  Barley-meal  and  soil. — Not  mouldy;  odour  like  No.  3; 
sufficiently  moist  to  agglutinate. 

5.  Bean-meal  and  pumice. — A  little  mould  on  the  surface; 
odour  very  disagreeable  and  putrescent ;  the  mass  wet  and  clammy. 

6.  Bean- meal  and  soil. — Very  similar  to  No.  5,  but  rather  more 
wet  and  pasty. 

In  every  case,  carbonic  acid  was  evolved  on  the  addition  of 
oxalic  acid  to  the  mass,  preparatory  to  evaporating  to  dryness  ; 
and  the  most  from  the  bean-meal  with  soil.  A  known  proportion, 
about  one-half  of  each  dried  mass,  was  burnt  with  soda-lime  ;  and 
the  remainder  reserved  for  the  determination  of  nitrates,  if  present. 
However,  the  aqueous  extract  of  the  mass  in  no  case  indicated 
nitric  acid;  though,  on  then  adding  0001  gramme  of  nitric  acid 
to  the  residual  mass,  and  re-extracting. with  water,  its  presence 
was  always  indicated.  The  following  Table  gives  the  numerical 
results  of  the  six  experiments  : — 


Table  XIII. 

Subetances  sabmitted  to  experiment. 

Nitrc^en 

after  decomposition. 

■ 

Not  recovered. 

Description 

of  organic 

matter. 

Description 

of 

matrix. 

Quantity 
of  meal 
taken. 

Quantity 

of 
nitrogen. 

Total 
by  soda- 
lime. 

Actual 
quantity. 

Per  cent. 

grms. 

grms. 

g^rms. 

grms. 

. 

1. 

2. 

Wheat-meal 
Wlieat-meal 

Ignited  pumice 
Ignited  soil  ... 

2-0586 
2-1282 

00370 
00383 

^•0338 
00336 

0*0032 
00048 

8-51 
12-63 

3. 

4. 

Barlej-meal' 
Barley-meal 

Ignited  pnmlce 
Ignited  soil  ... 

2  2495 
20980 

00380 
00366 

00368 
00309 

0  0012 
00046 

3  16 
12  96 

6. 
6. 

Bean-meal... 
Bean-meal... 

Ignited  pumice 
Ignited  soil  ... 

2-0650 
2-0800 

00803 
00809 

00741 
00823 

00062 
(  +  00014) 

772 
(  + 1-73) 

With  one  exception  (in  which  the  gain  of  nitrogen  is  within  the 
range  of  error  of  analysis),  all  the  experiments  show  that  a  part  of 
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the  nitrogen  of  the  decomposing  organic  matter  passed  into  a  state 
in  which  it  could  not  be  estimated  by  the  soda-lime  process. 
Neither  did  it  exist  as  nitric  acid.  It  would  appear,  therefore, 
that  there  was  an  evolution  of  free  nitrogen.  But,  although  so 
large  a  proportion  of  the  total  nitrogen  passed  off  in  bome  form, 
yet  scarcely  a  trace  of  ammonia  was  given  off  from  the  mass  ;  for, 
on  distilling  the  oxalic  acid  in  C  with  an  excess  of  caustic  potash,  in 
only  one  case  (that  of  the  bean-meal  and  pumice)  was  any  ammonia 
indicated,  and  then  it  was  equal  to  only  0*002  gramme  nitrogen. 

The  experiments,  the  results  of  which  are  yet  to  be  recorded, 
were  arranged  with  some  reference  to  the  question  of  the  character 
and  extent  of  the  decomposition,  and  of  the  part  played  by  water 
in  the  process. 

In  1858,  a  set  of  nine  experiments  was  made,  embracing  a  wide 
range  of  conditions  as  to  moisture,  in  some  of  which  were  included 
the  circumstances  of  germination,  early  growth,  and  subsequent 
decay  of  the  products,  and  in  which  the  intermediate  stages  and 
final  extent  of  decomposition  were  more  closely  considered,  the 
former  by  periodical  inspection,  and  observation  on  the  character 
of  the  odour,  and  the  latter  by  a  further  examination  of  the 
remaining  products.  Although  soil  and  pumice  indicated  no 
special  difference  of  result,  both  were  still  used;  about  175  to 
200  grammes  of  the  former,  or  120  to  150  grammes  of  the  latter 
being  employed.  Reference  to  Tables  XIV  and  XV  will  sufficiently 
show  the  other  conditions  of  the  several  experiments.  The  de- 
scription of  apparatus  was  the  same  as  that  used  in  1857  (fig.  8). 

The  mixtures  with  50  cub.  cent,  of  water  added  were  in  the 
condition  of  a  rather  moist  soil ;  those  with  40  cub.  cent,  were 
much  drier,  having  no  tendency  to  agglutination ;  and  those  with 
100  cub.  cent,  were  very  wet,  having  some  free  water  above  the 
solid  matters.  The  seeds  sown  with  50  cub.  cent,  germinated  in 
a  few  days,  and  the  bottles,  B,  were  soon  filled  with  vegetable 
matter  (the  beans  esp6cially  developing  a  very  large  amount  of 
root,  as  well  as  stemmy  and  leafy  matter)  ;  but  those  with  100 
cub.  cent,  water  did  not  germinate,  but  in  a  few  days  showed  de- 
composition. The  mixtures  of  meal  and  soil  also  soon  showed 
signs  of  decomposition,  though  the  odour  firom  them  was  less 
foul  than  from  the  whole  seed  and  100  cub.  cent,  water,  which, 
throughout,  were  the  most  disagreeable ;  and  it  may  be  observed 
that  the  water  at  first  resting  above  the  solid  matters  disappeared 
60  rapidly,  with  active  decomposition,  as  to  lead  to  the  conclusion 


SOURCES  OP  THE  NTTROOEN  OF  VEGETATION.  61 

that  Rome  of  it  was  consnmed  in  the  process.  There  was  in  no 
case  any  ozone  re-action  to  fcest  paper.  With  these,  few  general 
remarks,  we  may  omit  here  a  record  of  the  detailed  observations 
periodically  made  on  the  progress  of  the  decomposition ;  adding 
only,  that  on  Jnly  1st  (the  experiments  having  commenced  in 
January)  100  cnb.  cent,  of  water  were  added  to  each,  and  on 
Augast  28th,  when  the  experiment  was  terminated,  there  still 
remained,  in  all  the  cases,  a  layer  of  from  ^  to  ^  an  inch  of 
fluid  over  the  solid  matter,  the  condition  of  which  was  as 
follows: — 

Wheat  (a) — Seeds,  in  soil,  with  50  cub.  cent,  water  :  very  little 
odour,  and  not  unpleasant ;  supernatant  fluid  colourless ;  the  or- 
ganic matter  thoroughly  decomposed,  only  slight  remains  of  stems 
and  leaves  being  visible.  The  addition  of  oxalic  acid  to  the  mass, 
preparatory  to  evaporation  to  dryness,  caused  a  copious  evolution 
of  carbonic  acid. 

A  similar  evolution  of  carbonic  acid  took  place  in  every  one  of 
the  experiments. 

Wheat  (b) — Seeds,  in  pumice,  with  100  cub.  cent,  water  :  su- 
pernatant fluid  colourless ;  a  disgusting  mouldy  odour,  the  form 
of  the  grain  retained,  but  the  contents  disappeared,  and  the  husks 
filled  with  fluid. 

Wheat  (c) — ^Meal,  in  soil,  with  40  cub.  cent,  water :  super- 
natant fluid  of  a  yellowish  colour  and  muddy  ;  the  mass  emitted  a 
foul,  disagreeable  odour,  though  less  intense  than  that  of  the 
corresponding  barley. 

Barley  (a) — Seeds,  in  soil,  with  50  cub.  cent,  water :  the  or- 
ganic matter  thoroughly  decomposed ;  stems,  roots,  and  leaves  no 
longer  distinguishable ;  other  conditions  much  as  wheat  (a). 

Barley  (fe) — Seeds,  in  pumice,  with  100  cub.  cent,  water:  super- 
natant fluid  clear ;  the  pumice  covered  with  a  black  coating  of 
organic  matter ;  the  odour  of  the  air  above  the  mixture  exceed- 
ingly disgusting,  resembling  that  of  decaying  human  excrements  ; 
traces  of  sulphide  of  hydrogen  perceptible  ;  the  form  of  the  seeds 
preserved,  but  the  husks  contained  only  fluid. 

Barley  (c) — ^Meal,  in  soil,  with  40  cub.  cent,  water :  supernatant 
water  yellowish  ;  odour  musty,  but  not  very  disagreeable ;  very 
slight  traces  of  organic  matter  perceptible. 

Bean  (a) — Seeds,  in  soil,  with  50  cub.  cent,  water :  the  organic 
matter  well  decomposed ;  odour  musty. 

Bean  (b) — Seeds,  in  pumice,  with  50  cub.  cent,  water ;  only 
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very  indefinite  skeletons  of  stems,  leaves,  and  roots  remaining ; 
odoar  musty,  but  not  disagreeable. 

Bean  (c) — ^Meal,  in  soil,  with  40  cnb.  cent,  water ;  sapematant 
fluid  slightly  yellow ;  odour  musty,  but  not  Qfiensive. 

After  drying  with  oxalic  acid,  any  slight  remains  of  organic 
matter  had  become  brittle ;  and  in  every  case,  excepting  where 
100  cub.  cent,  of  water  had  been  originally  added  (when  the  husks 
remained  visible),  the  mass  had  the  appearance  of  clean  soil,  or 
pumice,  without  organic  matter. 

In  a  few  instances,  the  sulphuric  acid  in  D  became  slightly' 
brown,  indicating  the  passage  into  it,  through  the  oxalic  acid,  of 
some  more  complex  carbon-compound  than   carbonic  acid;  and 
we  have  observed   phenomena  of  a  similar  kind   in  some  other 
cases. 

The  following  Tables,  XIV  and  XV,  show  the  conditions  of  the 
eeveral  experiments,  and  the  numerical  results  obtained,  the 
former  relating  more  particularly  to  the  amount  and  proportion 
of  the  origincd  carbon^  and  the  latter  to  those  of  the  original 
nitrogtmy  remaining  after  the  decomposition,  or  given  off  during 
the  process : — 


Table  XIV. 


BubtUnoM  lnTolY«d  In  the  czperimeot. 

Weight  of 
organic  nmtter. 

Carbon. 

Organlo  nuttter. 

Matrix. 

• 

Water 
added. 

Fresh. 

Dry. 

Before 
decom- 

After 

Loesin 
decomposition. 

DMoriptlon. 

Condition. 

position,  positioa 

Actual      Per 
quantity,   cent. 

cub.  cent. 

grms. 

grms. 

grms. 

grms. 

grms. 

].Wh«at 

a.  171  seeds 

b.  171  seeds 

c.  Meal.... 

Ignited  soil .... 
Ignited  pnmioe 
Ignited  soil.... 

50 

100 

40 

8-0475 
8-0715 
9*8810 

6-7488 
6-7689 
8-S80S 

8-1089 
8-1 18S 
8-8178 

0-9274 
0-9178 
1-8199 

2«1815 
2-2004 
2-4973 

70-17 
70-56 
65-42 

1 

XBtirlej 

a.  168  seeds 

b.  168  seeds 
0.  Meal.... 

Ignited  soli.... 
Ignited  pnmice 
Ignited  soil.... 

50 

100 

40 

8-0440 
8-1860 
8-9671 

6-7127 
6-7895 
7-4880 

8-0528 
8-0872 
8-4025 

0-9598 
1-1952 
1-0995 

20925 
1-8920 
2-8030 

68-65 
61-38 
67-68 

• 
S.  Beans 

a. 7  seeds.. 
b.7  seeds.. 
0.  Meal.... 

Ignited  soil 

Ignited  pnmice 
Ignited  soil.... 

50 
50 
40 

6-7830 
6-4700 
61750 

4-5880 
5-1S75 
4-8937 

2-2915 
2-5687 
2-4468 

0-8511 
0-9778 

1-4404 
1*4690 

62*86 
6004 
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Tablb  XV. 


SnbateiMM  loTolTed  in  tbe  experlmwit. 

Total  nitrogen. 

Nitrogen  obtained  as  am 
by  distillation  with  weak 

monia 
alkali. 

total 

3tS. 

OrgMiic 

!  msUer. 

lUtrlx. 

Water 
added. 

Before      After 
decom-    deoom- 
position,  position. 

Loss  (or  gain). 

From  oxalic 
acid  in  C. 

Fromi 
prodtt( 

•— ip«». 

OODdltioil. 

Actnal 
quantity. 

Per 

cent. 

Actnal 
quantit3\ 

Per 
cent. 

Actual       Per 
quantity,  cent. 

cab.  centk 

gnns. 

grma 

gnns. 

grms. 

grms. 

—  { 

aLl7lMed« 
I>.17l8eeda 
cMttl.... 

Ignited  sou.... 
Ignited  pomloe 
Ignited  sou.... 

60 

100 

40 

0*1393 
0*1896 
0*1709 

0*1398 
0*1214 
0*1680 

4-0*0006 
0*0182 
0*0029 

+0-43 

13-08 

1-74 

0-00038 
0*00002 
0*00040 

0-273 
0K)14 
0-234 

0*0439 
0^73 
0*0197 

30-88 
41-06 
11*49 

1 

I.BUI9 

A.16Sieed8 
b.  163  seeds 
cMeal.... 

Ignited  soil.... 
Ignited  pomice 
Ignited  sou.... 

60 

100 

40 

0*1347 
0-1361 
0*1390 

0*0746 
0*1053 
0*1311 

0*0601 
0*0209 
0*0079 

40-20 

16-62 

6-66 

0-00056 
0i)0002 
(H)0039 

0*441 
0-016 
0^380 

0-0157 
0*0394 
0*0166 

13-64 
38-39 
11*97 

-•; 

a.  7  seeds..  !  Ignited  soil.... 
1x7  seeds..  I  Ignited  pumice 
clCeal....     Ignited  soil.... 

! 

50 
50 
40 

0*2417 
0-3704 
0*3581 

0^107 
0*3380 
0*2267 

0*0310 
0*0324 
0*0314 

12-84 
11*99 
13*16 

0-00341 
0<N)242 
OKXXWO 

1-424 
0*895 
0*233 

0-0140 
0-1089 

67*91 
40*36 

The  results  in  Tables  Xm  and  XV  are  mntnallj  confirmatory 
in  their  more  general  indications;  and  they  agree  in  showing  no 
tangible  relation  between  the  nitrogen-products  and  the  varied 
circumstances  of  decomposition.  In  some  cases  there  has  been 
no,  and  in  others  very  great,  evolution  of  free  nitrogen — so  great, 
indeed,  that  we  made  repeated  analyses  to  satisfy  ourselves  of  the 
trath  of  the  result. 

The  physical  condition  of  the  several  substances  at  the  termina- 
tion  of  the  experiment,  as  also  the  comparative  uniformity  in 
the  proportion  of  carbon  given  off  (see  Table  XIV),  might  lead  to 
the  conclusion    that  the    decomposition    had    proceeded    about 
equally  far  in  all  cases ;  but  whilst  the  proportion  of  carbon  given 
off  ranged  between  60  and  70  per  cent,  of  its  original  amount, 
that  of  the  nitrogen  varied  coincidently  from  0  to  40  per  cent,  of 
the  original  amount.     Again,  the  proportion  of  the  nitrogen  which 
was  retained  in  the  mass,  or  absorbed  in  the  oxalic  acid  in  C,  in 
such  form  as  to  be  given  off  as  ammonia  on  distillation  after  being 
rendered  weakly  alkaline,  and  which  probably  existed,  therefore, 
in  the  products  as  ammonia,  ranged  from  12  to  58  per  cent,  of  the 
total  quantity  involved  in  the  experiment ;  whilst  the  proportion 
evolved  from  the  mass  during  the  decomposition  and  retained  in 
the  oxalic  acid  solution  (C),  varied  from  0  to  about  1*5  per  cent. 
of  the  original  amount.     There  would  seem,  in  fact,  to  be   no 
relation  between  the  loss  of  carbon,   the  loss  of  nitrogen,  the 
formation  of  ammonia,  and  the  evolution  of  it  from   the  mass 
during  decomposition,  on  tiie  one  hand,  and  the  circumstances  of 
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matrix,  moisture,  growth,  decay,  &c.,  on  the  other,  which  can  with 
safety  be  considered  as  exhibiting  cause  and  consequence. 

It  may,  however,  be  concluded,  that  under  particular,  and  appa- 
rently rare  circumstances  of  the  decomposition  of  nitrogenons 
organic  matter,  there  is  no  loss  of  nitrogen  evolved  in  the  free 
state,  but  that,  under  a  wide .  range  of  circumstances,  a  consider- 
able loss  of  nitrogen  takes  place  ;  and  whilst  the  proportion  of  the 
nitrogen  taking  such  form  that  it  may  be  driven  oiF  as  ammonia 
on  the  distillation  of  the  products  with  a  weak  alkali-solution, 
varied  from  one-eighth  to  more  than  one-half  of  the  total,  the 
amount  evolved  from  the  mass  as  ammonia  during  decomposition 
was  quite  inconsiderable. 

Independently  of  the  importance  of  these  facts,  considered  in 
connexion  with  the  conditions  which  may  be  involved  in  an 
experiment  on  the  question  of  the  assimilation  of  free  nitrogen 
by  plants,  it  is  obvious  that  they  have  a  very  important  bearing 
on  the  practical  question  of  the'  management  of  the  manure-heap, 
and  as  such,  require  further  investigation  to  ascertain  the  causes 
of  the  differences  of  result  manifested,  in  order,  if  possible,  to 
control  them. '  The  results  also  point  to  the  probable  insignificance 
of  the  loss  of  nitrogen  from  decomposing  manure  in  the  form  of 
ammonia,  a  supposed  evil  to  which  the  attention  of  agricultural 
chemists  has  been  especially  directed,  whilst  the  apparently  much 
larger  loss,  as  free  nitrogen,  has  not  at  all  been  considered. 

The  question  arises,  what  is  the  character  of  the  action  by 
which  nitrogenous  compounds  are  decomposed  with  the  evolution 
of  free  nitrogen?  It  may  be — (1)  of  an  oxidising  character 
analogous  to  that  of  chlorine  on  ammonia;  (2)  of  a  reducing 
character  similar  to  that  of  many  substances  upon  the  oxygen 
compounds  of  nitrogen ;  (3)  these  two  actions  may  operate  in 
succession  the  one  to  the  other. 

The  nitrogen  in  the  organic  substances  submitted  to  decomposi- 
tion, doubtless  existed  in  a  condition  more  analogous  to  a  hydrogen, 
than  to  an  oxygen-compound  of  it;  and  the  researches  of 
Hofmann  would  lead  us  to  suppose  that  the  nitrogen-compounds 
in  question  were  of  the  ammonia  class.  They  are  more  difficult 
to  oxidize  into  nitric  acid  than  is  ammonia,  but  their  transition 
into  ammonia  is  extremely  easy ;  and,  since  ammonias  yield  free 
nitrogen  under  the  influence  of  oxidising  forces,  it  may  be  inferred 
that  it  has  been  under  the  influence  of  such  forces  that  the 
nitrogen  has  been  set  free  in  the  experiments  recorded.     Pelouze 
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has  remarked*  that  nitrates  are  converted  into  ammonia  in  contact 
with  decomposing  organic  matter;  and  experiments  of  oor  own 
have  shown  that,  daring  the  decomposition  of  organic  matters  in 
contact  with  nitrates,  free  nitrogen  is  not  evolved. 

The  63q>eriments  next  referred  to  bear  upon  these  points. 

After  several  qualitative  experiments,  on  a  smaller  scale,  about 
half  a  poand  of  a  mixture  of  wheat,  barley,  and  beans,  was  pnt  into 
the  long  narrow  glass  vessel  of  about  500  cub.  cents,  capadty 
(plate  I,  fig.  7),  which  was  then  filled  with  well-boiled  water,  and 
closed  with  a  cork,  through  which  two  glass  tubes  (a  and  b)  passed, 
the  ends  of  which  were  fitted  with  caoutchouc  tubing,  for  closing 
with  pinchcocks,  or  connexion  with  the  Torricellian  exhauster. 
The  vessel  having  been  so  connected  with  the  exhauster  for  several 
hours,  to  remove  the  gaseous  nitrogen  from  the  seeds,  it  was  then 
inverted  in  mercury,  the  tube  b  opened  under  that  fluid,  and  the 
whole  placed  in  sunlight  to  favour  decomposition.  This  was  done 
on  August  28  (1858) ;  the  seed  soon  swelled,  and  on  August  30 
well-marked  decomposition  had  set  in.  On  September  13,  the 
vessel  was  about  two-thirds  full  of  gas,  and  so  much  water  was  dis- 
placed, that  part  of  the  seed  was  above  the  remaining  water,  in  the 
gas,  which  commenced  bubbling  out  through  the  tube  b.  The 
arrangement  so  remained  until  October  5,  when  400  cub.  cents. 
of  gas  were  collected,  of  which  the  percentage  composition  was  as 
follows : — 

Carbonic  Acid.        Hydrog^en.  Nitrogen. 

Experiment  1 64-87  34-83  0-30 

Experiment  2  .  .  . .         64*54  35*46  traces 

The  quantity  of  gas  evolved  points  to  the  extent  of  the  de* 
composition;  the  amount  of  carbonic  acid  and  hydrogen  shows 
how  great  must  have  been  the  reducing  force  exerted;  and  the 
small  quantity  of  nitrogen,  which  was  probably  due  to  accident, 
indicates  that  free  nitrogen  was  not  a  product  of  the  action. 

The  vessel  was  again  filled  with  boUed  water,  again  connected 
for  some  time  with  the  Torricellian  exhauster,  and  again  placed  in 
its  former  position  in  the  sunlight.  On  November  17,  only  a  few 
bubbles  of  gas  having  been  evolved,  the  vessel  was  removed  into  a 
room,  the  temperature  of  which  varied  from  a  few  degrees  above 
the  freezing  point  to  about  24°  C.      On    December  12,  the  gas 

*  Comptes  Bendos,  xlir,  p.  118. 
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collected  without  exhaastion  measured  only  6*1  cub.  cents.,  of 
which  4'6  were  absorbed  by  potash,  and  the  remainder  was  com- 
bustible and  contained  no  appreciable  amount  of  free  nitrogen. 

Five  grammes  of  nitrate  of  potash  were  now  put  into  the  Tessel 
(with  the  same  organic  matter),  and  it  was  replaced  in  the  room  as 
before.  On  May  25,  1859,  the  vessel  having  been  heated  up  to 
30°  0.  several  times  during  the  interval,  only  4  cub.  cent,  of  gas 
were  collecticd,  one-fourth  of'  which  was  carbonic  acid,  and  the 
remainder  combustible. 

The  vessel  was  now  placed  in  sunlight  again,  but  up  to  the 
middle  of  June  no  more  gas  was  evolved.  The  fluid  still  contained 
nitrate.  The  vessel  was  now  half-filled  with  oxygen;  but  after 
ten  days  not  one-fourth  of  the  supplied  oxygen  had  been  con- 
sumed. 

The  total  gas  being  removed,  oxygen  was  conducted  into  the 
vessel  until  the  greater  part  of  the  fluid  was  driven  out,  leaving 
the  partly  decomposed  seeds  in  an  atmosphere  of  this  gas.  The 
apparatus  so  arranged  was  placed  in  the  sunlight,  and  remained 
there  during  some  very  warm  weather,  when,  on  July  12,  the  gas 
collected  contained  in  100  parts — carbonic  acid  20,  oxygen  79, 
nitrogen  1  ;  but  as,  by  accident,  a  little  air  had  been  admitted 
into  the  vessel,  the  small  quantity  of  nitrogen  found  may  be  attri- 
buted to  it. 

On  removal,  the  beans  were  found  to  possess  much  of  their 
original  firmness ;  but  the  other  seeds,  though  retaining  their 
form,  were  softer,  and  had  evidently  undergone  more  complete 
decomposition.  Very  little  odour  was  emitted,  and  it  was  not 
unpleasant. 

It  is  obvious  that  there  had  been  no  evolution  of  free  nitrogen 
during  the  long  period  that  these  matters  had  been  submitted  to 
decomposition  under  the  conditions  described. 

Experiments  were  also  made  upon  the  products  of  the  decom- 
position of  organic  matter  in  the  first  stages  of  the  process.  The 
decomposition  took  place  in  water,  in  the  tall  glass  vessels  already 
described.  In  Table  XVI  are  given  the  amounts,  and  the  com- 
position, of  the  gas  obtained  in  a  few  out  of  numerous  experiments ; 
and,  for  comparison,  some  of  the  results  already  referred  to  are 
included. 
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Tablb  XYI. 


BescriptioD  of  Organic  matter 

Total  gas 
collected. 

Composition  of  the  gas,  per  cent. 

sabjected  to  decomposition. 

Carbonic 
acid. 

Hydrogen. 

Nitrogen. 

a.  Wheat,  Barley,  and  Bean  seed  ... 

6.  Tnmlp  plant ;  root  with  leayes. 
e.   Tnmip  plant ;  root  with  leaves. 

d.  Turnip  plant ;  root  with  leayes. 

e.  Tnmip  plant ;  root  with  leayes. 

cub.  cents. 

•400     1 

166-2 
162*2 

123-6  / 

41-2 

64-87 
64-64 
76*23 
68*83 
68*06 
67*62 
64-96 

34-83 
36-46 
22*91 
23*93 
26-63 
26-43 
14-66 

0-30 
traces. 
0-87 
7*24 
6-31 
7*06 
20  39 

Experiment  (a)  is  the  one  described  above.  In  all  the  other 
cases,  about  two  ounces  of  plant  were  operated  upon.  The  ex«- 
periment  commenced  on  August  29,  and  was  stopped  on  October  5, 
when  the  structure  of  the  plant  was  almost  entirely  destroyed, 
there  remained  only  a  mass  of  decomposed  matter  at  the  bottom 
of  the  vessels,  and  the  evolution  of  the  gas  had  entirely  ceased. 
The  plant  (b)  was  exhausted  of  its  gas  before  exposure;  and, 
under  these  circumstances,  a  very  small  quantity  of  free  nitrogen 
was  found  at  the  termination  of  the  experiment,  whilst  plants  c,  d, 
and  e,  which  were  not  so  exhausted,  gave  a  larger  amount  of  free 
nitr(^n  ;  and,  although  in  experiment  (e)  the  percentage  of  nitro- 
gen was  much  higher  than  in  the  other  cases,  the  total  quantity 
of  gas  was  much  less,  and  the  actual  quantity  of  nitrogen  was 
nearly  the  same  in  the  several  cases,  leading  to  the  supposition 
that  it  existed  within  the  plant  at  the  commencement  of  the 
experiment. 

The  result  is,  then,  that,  in  the  absence  of  free  oxygen,  no  free 
nitrogen  was  evolved  from  the  decomposing  nitrogenous  com- 
pounds, and  it  may  be  inferred  that  the  loss  of  nitrogen  indicated 
in  Tables  XIII  and  XV  was  the  result  of  an  oxidising  process. 

Some  experiments  were  also  made  in  which  the  plan  was  to 
place  nitrogenous  organic  matter  in  an  atmosphere  of  pure  oxygen, 
and  to  afford  a  constant  supply  of  the  gas  as  it  was  consumed  and 
the  carbonic  acid  produced  was  absorbed  by  a  solution  of  caustic 
potash.  The  results  obtained  indicated  an  evolution  of  free  m'tro- 
gen  ;  but  owing  to  the  difficulty  of  getting  the  requisite  apparatus 
absolutely  air-tight,  they  were  open  to  some  exception,  and  the 
investigation  was,  for  the  time,  abandoned. 

/a 
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It  is  obvioas  thAt  the  results  recorded  point  to  a  serious  diffi- 
enlty  in  the  condnct  of  experiments  on  the  question  of  the  assiiai-* 
lation  of  free  nitrogen  by  plants ;  for  although,  as  Boussinganlt 
has  shown,  there  may  be  no  loss  of  nitrogen  during  germination, 
yet,  during  the  entire  period  of  growth  of  a  plant,  portions  of 
nitrogenous  organic  matter  may  be  subject  to  decomposition  under 
conditions  favourable  to  the  evolution  of  free  nitrogen. 

The  following  experimental  results  are  interesting  in  connexion 
with  this  point.  Eight  seeds,  each,  of  wheat,  barley,  and  oats, 
were  respectively  sown  in  prepared  soil,  precisely  as  in  the  experi-> 
ments  on  assimilation.  The  three  pots  were  placed  under  a  glass 
shade,  16  inches  in  diameter,  which  rested  in  the  groove  of  a  stone- 
ware lute-vessel  containing  sulphuric  acid.  About  500  cub.  cent, 
of  distilled  water  were  added  to  each  soil  at  the  commencement, 
but  no  carbonic  acid  was  supplied  beyond  that  which  might  be 
contained  in  the  water.  The  pots,  enclosed  as  described,  were  then 
exposed  to  the  diffused  light  of  the  laboratory,  but  without  the 
access  of  direct  sunlight.  In  a  few  days,  all  came  up,  and  grew 
very  rapidly  in  height,  but  with  little  development  and  expansion 
of  leaf;  all  the  plants  being  tall,  slender,  and  delicate,  and  having 
the  pale  green  colour  common  to  plants  in  deficient  sunlight.  In 
other  experiments,  plants  in  this  condition,  when  removed  into 
sunlight,  ceased  the  predominant  upward  tendency  of  growth,  the 
long  delicate  first  leaves  lost  their  vitality,  numerous  shorter  and 
broader  ones  were  formed,  and  the  stems  became  thicker  and 
more  dense. 

The  experiment  under  consideration  commenced  on  May  17, 
1858,  and  continued  until  June  10  (24  days),  when  the  plants  had 
ceased  to  grow.  All  the  plants  were  much  alike ;  ranging  from 
7  to  12  inches  in  height,  each  having  three  leaves,  two  lateral  ones 
from  8  to  12  inches  long,  and  a  shorter,  unrolled  terminal  one. 
The  stems  of  several  were  so  slender  and  delicate  as  to  fall  over. 
The  roots  were  found  to  consist  of  short  fibrils,  with  divaricated 
branchletfl,  seldom  extending  more  than  2  or  8  inches  fit)m  the 
seed.  Table  XVII  gives  the  analytical  results  of  the  experi- 
ment : — 
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Tablb  XVII. 


Fiftrticii]an  of  seed  sown. 


Wheat 
Barley 
Oats... 


Dry 

matter. 


gnn. 

0-4077 
0-3234 
0*2900 


Diy  vegetable  matter. 


Nitro- 
gen. 


gnn. 

•00790 
•00573 
•00640 


ParticTLlars  of  the  products. 


Stems. 


gnn. 

•320 
•290 
•356 


Roots. 


gnn. 

•140 
•160 
•060 


Total. 


grm. 

•460 
•450 
•415 


Nitrogen. 


In  stems 
&  roots. 


grm. 

•00697 
•00570 
•00640 


In 

80il& 

pot. 


In  total 
products. 


grm. 

•0012 

traces 

traces 


grm. 

•00817 
•00670 
•00640 


Gain 
or  loss. 


grm. 

+  •00027 
-•00003 
+  traces 


Lest  the  accuracy  of  the  result  in  regard  to  the  nitrogen  should 
be  endangered,  the  roots  were  but  slightly  washed,  and  retained 
particles  of  soil,  in  consequence  of  which  the  weights  given  for 
their  dry  matter  are  a  little  too  high.  There  was,  however, 
evidently  a  slight  gain  of  dry  matter,  the  carbon  of  which  was 
doubtleBS  due  to  carbonic  acid  in  the  distilled  water  which  had 
been  supplied.  The  rapid  growth,  its  short  duration,  the  limited 
distribution  of  the  roots,  and  the  fact  that  no  watiOr  was  added 
during  growth,  which  might  distribute  easily  transportable  matters, 
aie  conditions  which  are  all  consistent  with  the  almost  total  absence 
of  nitrogen  in  the  soil. 

The  last  column  in  the  Table  (XYII)  shows  that  in  these  ex- 
periments no  free  nitrogen  was  given  off  during  the  process  of 
germination  and  growth ;  at  least  the  assumption  that  free  nitrogen 
was  evolved  implies  the  still  more  improbable  one  that  an  exactly 
equal  amount  of  free  nitrogen  was  assimilated. 

It  would  appear,  therefore,  that  in  an  experiment  on  the 
question  of  the  assimilation  of  free  nitrogen  by  plants,  little  fear 
of  loss  of  nitrogen,  due  to  the  decomposition  of  nitrogenous 
organic  matter,  need  be  entertained,  so  long  as  that  matter  is 
subjected  to  the  ordinary  process  of  germination,  and  exhaustion 
to  supply  materials  for  growth  ;  though  there  may  be  considerable 
danger  of  such  loss  if  nitrogenous  organic  matter  were  used 
as  manure,  or  in  case  of  the  decomposition  of  sterile  seeds,  dead 
leaves,  old  roots,  or  nitrogenous  excretions.  In  judging,  accord- 
ing to  the  conditions  of  the  assimilation  experiment,  of  the 
probable  extent  of  such  evolution,  it  should  be  borne  in  mind 
that,  in  the  cases  where  the  large  evolution  of  free  nitrogen  took 
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place  in  the  ezpermients  on  decompoBition,  the  organic  matters 
were  subjected  to  the  action  for  a  period  of  abont  six  months, 
daring  which  time  their  organic  form  was  generally  entirely 
destroyed,  and  they  lost  nearly  three-fourths  of  their  carbon. 

One  more  collateral  point  requires  to  be  noticed  before  entering 
upon  the  consideration  of  the  direct  experiments  on  the  question 
of  assimilation. 

Results  quoted  above  leave  no  doubt  of  the  evolution  of  hydro- 
gen during  the  decomposition  of  organic  matter,  and  Mulder,* 
and  others,  have  attached  much  importance  to  the  mutual  action  of 
nascent  hydrogen  so  evolved,  and  gaseous  nitrogen,  as  a  source  of 
ammonia.  That  nascent  hydrogen  may,  under  certain  circum- 
stances, combine  with  gaseous  nitrogen,  has  long  been  admitted ; 
but  the  view  that  such  combination  takes  place  when  hydrogen  is 
evolved  from  decomposing  organic  matter,  requires  confirmation. 
If  but  a  small  part  of  the  hydrogen  evolved  in  the  decomposition 
of  organic  matter  -in  peat-bogs,  in  cesspools,  in  stagnant  water,  in 
the  annual  deposits  of  leaves  in  the  extensive  forests  in  different 
parts  of  the  world,  decaying  under  the  influence  of  moisture  and 
confined  air  between  the  succeeding  layers,  as  well  as  in  many 
soils,  were  to  combine  with  free  nitrogen,  how  enormous  would  be 
the  amount  of  ammonia  formed  in  this  way — ^the  amount  due 
alone  to  the  decomposition  of  the  exuberant  growth  of  former 
geological  periods  would  be  incalculable. 

The  results  which  have  been  given  show,  that  in  the  decompo- 
sition of  nitrogenous  organic  matter,  both  free  hydrogen  and  free 
nitrogen  may  be  given  off;  and  the  assumption  that  nascent 
hydrogen  under  such  circumstances  unites  with  the  nitrogen  of 
the  air,  implie«i  that  it  was  capable  of  uniting  with  free  nitrogen 
under  circumstances  in  which  its  affinities  were  not  sufficiently 
powerful  to  prevent  nitrogen-compounds,  very  similar  to  ammonias, 
from  giving  up  nitrogen  in  the  free  state ;  and  also  that  it  could 
act  upon  ordinary  nitrogen  when  it  could  not  do  so  upon  the 
nascent  nitrogen  of  the  decomposing  nitrogenous  body.  Or,  if  it 
did  act  upon  the  latter,  there  would  either  be  no  free  nitrogen 
evolved,  or  if  there  were,  it  would  show  that  less  nascent  nitro- 
gen had  been  converted  into  ammonia  than  had  been  liberated 
from  its  combinations,  the  result  of  which  would  be  a  loss,  and 

♦  ChemiBtry  of  Vegetable  and  Animal  Phytiology,  pp.  111-114.  149.152,  kc. 
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not  a  gain  of  combined  nitrogen.     Batthe  fact  is  that  both  free 
hydrogen  and  free  nitrogen  are  given  off. 

It  would  seem  from  the  above  considerations,  that  there  need 
be  little  apprehension  of  error  in  the  results  of  experiments  on 
the  question  of  assimilation  arising  from  an  unaccounted  supply 
to  the  plants  of  ammonia  formed  under  the  influence  of  nascent 
hydrogen  given  off  in  any  decomposition  of  the  organic  matter 
involved  in  the  experiment. 

Having  described  the  arrangement  adopted  in  our  experiments 
on  the  question  of  the  assimilation  of  free  nitrogen  by  plants,  and 
discussed  some  collateral  points,  particularly  those  which  relate  to 
the  possible  sources  of  gain  or  loss  of  combined  nitrogen  to  the 
plants  under  experiment,  it  only  remains  further  to  preface  the 
statement  of  the  experimental  results  obtained,  by  corsidering 
what  are  the  most  probable  conditions  for  the  assimilation  of 
free  nitrogen,  provided  it  can  take  place  at  all  ? 

The  questions  arise — whether  such  assimilation  would  be  most 
likely  to  take  place,  when  the  plant  had  no  other  supply  of  com- 
bined nitrogen,  than  that  in  the  seed  sown,  when  supplied  with  a 
limited  amount  of  combined  nitrogen,  or  with  an  excess  of  com- 
bined nitrogen  ?  And  again — whether  at  an  early  stage  of  growth, 
at  the  most  active  stage,  or  when  the  plant  is  approaching  maturity  ? 
Combinations  of  these  several  circumstances  might  give  a  number 
of  special  conditions,  in  perhaps  but  a  few  of  which  assimilation  of 
free  nitrogen  could  take  place,  if  in  any. 

It  would  hardly  be  supposed  that  free  nitrogen  would  be  assimi- 
lated when  an  excess  of  combined  nitrogen  was  at  the  disposal  of 
the  plant.  It  is  obvious,  however,  that  a  wide  range  of  conditions 
would  be  experimentally  provided,  if,  in  some  instances  plants 
were  supplied  with  no  more  combined  nitrogen  than  that  con- 
tained in  the  seed  sown,  in  others  they  were  brought  to  a  given 
stage  and  activity  of  growth  by  means  of  limited  extraneous  sup- 
plies of  combined  nitrogen,  and  in  others  the  supply  of  combined 
nitrogen  were  still  more  liberal.  It  has  been  sought  to  provide 
these  several  conditions  in  the  experiments  under  consideration. 
In  either  case  supposed  above,  the  plant  will,  at  a  certain  stage,  or 
at  certain  stages,  as  the  case  may  be,  have  an  excess  of  com- 
bined nitrogen  at  its  disposal  in  relation  to  its  immediate  wants, 
and  will  pass  from  this  point  through  all  stages  in  regard  to 
supply,  to  that  in  which  combined  nitrogen  is  in  defect.     If,  how- 
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ever,  the  plant  cannot  assimilate  free  nitrogen  nnlesd  it  has 
attained  a  certain  vigour  or  stage  of  growth,  it  may,  perhaps,  be 
alleged,  in  case  of  no  assimilation  taking  place,  that  the  supply  of 
combined  nitrogen  has  been  insufficient  to  bring  it  to  the  supposed 
point ;  but  if,  on  the  contrary,  the  assimilation  can  take  place  at 
all  periods  of  growth,  and  in  the  absence  of  all  extraneous  sources 
of  combined  nitrogen,  the  solution  of  the  question  becomes  much 
more  easy.  Indeed,  even  in  an  experiment  without  any  extrane- 
ous supply  of  combined  nitrogen,  all  the  conditions  yrith  r^ard 
simply  to  the  relative  quantity  of  combined  nitrogen,  are  provided. 
Thus,  when  the  seed  is  first  sown,  it  contains  within  itself  an  excess 
of  combined  nitrogen  so  far  as  the  immediate  wants  of  the  plant 
are  concerned,  and  it  will  gradually  pass  to  the  point  at  which  all 
available  combined  nitrogen  has  been  appropriated,  and  only  free 
nitrogen  is  presented  to  it.  A  negative  result  under  such  cir- 
cumstances even,  would  afibrd  evidence  against  assimilation  of 
free  nitrogen  under  a  wide  range  of  conditions ;  and  a  similar 
result  with  various  amounts  of  combined  nitrogen  supplied,  would 
be  conclusive  as  to  a  still  wider  range  of  circumstances  of 
growth. 

The  last  point  for  consideration  is  as  to  the  selection  of  the  plants 
to  submit  to  the  adopted  conditions  of  the  experiment.  It  was 
sought — (1)  to  have  such  as  would  be  adapted  to  the  conditions  of 
temperature,  moisture,  &c.,  to  which  they  were  to  be  subjected; 
(2)  to  have  such  as  were  of  importance  in  an  agricultural  point  of 
view ;  (3)  to  acquire  the  means  of  studying  any  difference,  in 
reference  to  the  point  in  question,  between  plants  belonging, 
respectively,  to  the  two  great  natural  orders,  the  Graminaoese  and 
the  Leguminosaa,  which,  in  some  points  of  view,  appear  to  differ  so 
widely  in  their  demands  upon  combined  nitrogen  provided  within 
the  soil;  (4)  to  take  such  as  had  already  been  experimented 
upon,  yrith  such  conflicting  results,  by  M.  Boussingault  and 
M.  G.  ViUe. 


Expervments  in  which  the  Plcmts  had  no  other  supply  of  Combined 
Nitrogen  than  that  contained  in  the  Seed  soivn. 

Table  XVIII,  p.  74,  gives,  at  one  view,  a  summary  of  the 
numerical  results  obtained  under  this  head;  see  also  figs.  1 — 6, 
plate  III,  which  are  reduced  fi-om  careful  drawings  of  six  out 
of  the   nine  Graminaceas  experimented  upon,  and  illustrate  the 
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ckaracter  and  extent  of  growth  attained  under  the  conditions  in 
ijnestion. 

After  so  fall  a  discnesion  of  the  circnmstancee  nnder  which  the 
TesoltB  were  obtained,  bnt  little  more  is  needed  in  pointing  out 
their  bearings  upon  the  question  at  issue,  than  to  direct  attention 
to  the  column  showing  the  gain  or  loss  in  each  experiment. 

The  differences  between  the  results  obtained  with  soil  and  with 
pamice  as  matrix,  in  1857,  are  not  such  as  can  be  attributed 
in  any  way  to  the  difference  of  matrix ;  indeed,  the  parallel 
experiments  with  the  two  descriptions  of  soil  may  be  considered  as 
duplicates. 

Oramina>ceou8  Plants. 

It  is  seen  that  the  largest  gain  of  nitrogen  in  the  three  experi- 
ments with  Graminaceae,  in  1857,  was  0*0026  gramme.  In  regard 
to  the  &ct  that  there  was  generally  a  somewhat  larger  gain  of 
nitrogen  in  some  of  the  experiments  in  1857  than  in  those  in  1858, 
it  may  be  observed  that,  soon  after  watering  with  the  fluid  drawn 
off  from  the  surface  of  the  slates  used  in  the  former  year  as  lute* 
vessels,  the  soils  in  one  or  two  cases  became  more  or  less  covered 
with  a  slight  coating  of  green  matter.  Ajid  nearly  all  the  slates 
were  found  at  the  end  of  the  experiment  to  have  a  similar  coating 
beneath  the  pans  in  which  the  pots  stood ;  whilst,  in  the  experi- 
ments of  1858,  when  glazed  earthenware  lute- vessels  were  employed, 
no  such  phenomenon  was  observed.  Keeping  in  view  this  fact,  and 
considering  that  so  small  an  amount  of  nitrogen  had  to  be  deter- 
mined in  so  large  an  amount  of  soil  (0*003  gramme  or  less  of  nitro- 
gen in  about  1,500  grammes  of  soil),  it  seems  more  than  question- 
able whether  the  small  gain  above  quoted,  should  not  be  attributed 
to  errors  of  experiment  or  analysis.  In  fact,  we  can  but  conclude, 
that  under  the  circumstances  of  growth  of  the  Graminaceous  plants 
to  which  Table  XVIII  relates,  there  has  been  no  assimilation  of 
free  nitrogen.  There  is,  indeed,  in  no  case  more  nitrogen  in  the 
plant  itself  than  in  the  original  seed,  the  gain  appearing  only 
when  that  in  the  soil  and  pot  is  taken  into  account. 

The  experiments  on  germination  and  growth  referred  to  at 
pp.  68—9,  showed  how  completely  the  plants  could  appropriate  the 
nitrogen  of  the  seed,  leaving  only  traces  in  the  soil;  and  the 
experiments  on  decomposition  showed  how  complete  was  the 
action  coincident  with  the  passage  of  any  large  proportion  of  the 


74 


LAWES,  GILBERT,  AND  PUGH  ON  TH£ 


3 


i^' 


4^111 


ii 


1 


fit 


^8 


m| 


?||ii33 


a  a  a 

"it 


'1 


0 


1> 


^ 

s 


s 


666     6>&6>     d>     6 


oo 


40        iO 


I++++ I 


mevM      i-ioo«o      oo      M 

^^Op        flOiOM        (•        CO 


:? 


•S2 


•e  t«  1^     m 

I?  ? 


e«t«< 


oob-ee      ao»« 


??; 


Z^S'S       •-•^M       (OAQ 

sSs  ^^^  '^r^ 

''rfoco      -^i-i^      e>(««e« 


'    MOiO  QOOO  ooo 

r^!a©*  ^«^  Wr^* 

-<<  00  A  ^  le  1^  ^r«<0 

A4&&  (H&iH  *^&& 


■eoooo 
«e<o 

666 


M9<  to 

QMOO 

666 


r-l  QOa 

S^So 

666 


•  00  JIO 

tit 

P<  Oi  A 


4D  CD  <0 

..•     •     • 

5:  ►  ► 

TTT 


«  V  « 

a  a  a 
p  0  0 


<e«D«0     004O00     ^oot* 


40  <D  <D       000000        000000 


l||  Us  U 


3 


oiT 
S 


I  ?9 


9     9- 


t      -K  1 


2J      b-»* 


«D  X 
9/ 


8    SS 


S    SS 

5  5? 


Ok-     Ok  0» 


00     <ep 


;i  11 

1^      •-•  o 


eo 


t>o 


5 


ii 


I  M 


CQCf) 


M       MM 


.a 
6 


s 


9 


00 

? 
I 


00 

9 


s 


2 


00 


I 

a 


8 


I 


I 


00 
8 


I^SSf 


ll 


8i|i 


seef 


8 


SOURCES  OF  THE  NITROOEM  OF  VEGETATION.  75 

nitrogen  of  the  substance  into  the  soluble  state  of  ammonia.  It 
wonld  appear  probable,  therefore,  that  at  least  a  part  of  the 
nitrogen  found  in  the  soil  had  never  been  in  actual  connexion  with 
the  plant;  and  it  must  be  admitted,  that  a  gain  in  the  total 
prodncts,  without  a  gain  in  the  plant  itself,  would,  under  the 
conditions  in  question,  be  unsatisfactory  evidence  of  the  assimila- 
tion of  free  nitrogen. 

The  results  obtained  with  Graminacese  in  1858,  when  some 
Bonrces  of  error  which  the  experience  of  the  previous  year  had 
i^^^g^^^  had  been  eliminated,  point,  without  exception,  to  the 
non^assimilation  of  free  nitrogen.  The  process  of  cell  formation 
bas  gone  on  ;  carbonic  acid  has  been  decomposed,  and  carbon  and 
the  elements  of  water  assimilated;  the  nitrogenous  compounds 
of  the  older  cells  have  been  withdrawn  for  the  requirements 
of  new  ones ;  the  roots,  requiring  the  smallest  amount  of  nitrogen, 
were  extraordinarily  developed;  and  all  stages  of  growth  have 
been  passed,  to  the  formation  of  glumes,  pales,  and  awns,  for  seed, 
the  other  organic  constituents  increasing  with  one  constant 
amount  of  combined  nitrogen  until  its  percentage  in  the  vegetable 
matter  was  far  below  the  usual  amount.  Throughout  these  phases, 
water  saturated  with  free  nitrogen  has  constantly  been  in  contact 
with  the  contents  of  the  cells  and  the  cell-walls;  the  delicate 
membrane  of  the  newly-forming  cell,  stunted  in  its  development 
for  want  of  assimilable  nitrogen,  has  been  saturated  with  water, 
itself  saturated  with  free  nitrogen;  and  such  are  the  laws  in 
accordance  with  which  the  absorption  of  gases,  and  the  trans- 
mission of  liquids  through  membranes  take  place,  that  the  instant 
a  part  of  the  nitrogen  became  assimilated  the  equilibrium  would 
be  restored  and  the  liquid  resaturated,  circumst^ces  which  would 
seem  highly  favourable  to  the  assimilation  of  free  nitrogen, 
provided  it  could  take  place  at  all. 

In  the  experiments  of  1857,  several  of  the  cereal  plants  de- 
veloped a  very  large  proportion  of  root,  but  feariug  the  double 
risk  of  losing  the  entire  results  in  analysing  the  root  and  the  rest 
of  the  plant  separately,  they  were  thoroughly  mixed,  and  the 
mixture  carefully  divided,  so  as  to  provide  confirmatory  evidence 
if  successful,  or  a  duplicate  in  case  of  accident.  The  development 
was,  however,  so  marked  in  the  cereals  of  1858,  that  the  root  was 
in  several  cases  analysed  separately.  Table  XTX  shows  the  results 
obtained : — 


76 


LAWES,  GILBERT^  AND  PUOH  ON  THE 


Table  XIX. 


Dry  matter. 

Nitrogen. 

Plants.^ 
(1858). 

In 
stemBy 

&0, 

In 
roots. 

In 

total 

plant. 

Per 

cent,  of 

total  in 

roots. 

In 

stems, 

&o. 

In  roots. 

In 
total 
plant. 

Per 
cent,  of 
total  in 
roots. 

Wheat  (4). 
Barley  (6) . 
Oats  (6)  ... 

grm. 
0-890 
0-400 
0-798 

grm. 
0*850 
0-160 
0-350 

grm. 
1-740 
0-560 
1148 

48-85 
28-67 
30-49 

grm. 
0^39 
0-0027 
00040 

grm. 
00017 
0-0004 
00002 

grm. 
00056 
0-0031 
00042 

30-36 

12-90 

4-76 

The  large  proportion  of  root,  and  its  small  proportion  of 
nitrogen  are  equally  remarkable.  Whether  the  great  development 
of  root  were  dne  to  the  process  of  cell  formation  in  it  requiring 
less  of  the  nitrogenous  proto-plasmic  compound,  or  to  the  with- 
drawal, by  the  fluid  in  which  the  roots  floated,  of  the  nitrogenous 
constituents  from  the  old  cells  to  form  new  proto-plasma  for  the 
more  active  cells,  is  a  question  of  considerable  interest  in  a 
physiological  point  of  view.  The  feet  that  the  roots  gave  off  veiy 
few  branches  into  the  soil,  but  immediately  on  reaching  the 
water  in  the  pan  exhibited  such  a  remarkable  development,  is  in 
fevour  of  the  inference  that  the  water  afforded  the  necessary 
conditions. 

At  any  rate,  this  great  development  of  the  part  of  the  plant 
requiring  a  minimum  of  nitrogen  indicates  an  inability  to  assimilate 
free  nitrogen  within  the  range  of  growth  possible  when  no  com- 
bined nitrogen  is  provided  beyond  that  in  the  seed  sown  ;  and  it 
shows  the  great  tenacity  of  growth,  and  activity  of  vital  force, 
long  after  the  organism  began  to  require  more  available  nitrogen — 
conditions  apparently  very  favourable  to  the  assimilation  of  free 
nitrogen  ;  yet  such  has  not  been  the  result. 

The  Graminacead  referred  to  in  Table  XVIII  under  the  title 
"  1858  A,"  which  were  grown  in  M.  G.  Vi lie's  case,  give  results 
perfectly  accordant  with  the  rest ;  but  being  sown  later,  and  their 
period  of  growth  being  shorter,  there  was  neither  so  great  a 
development  of  root  nor  so  much  total  vegetable  matter  produced. 
Unfortunately,  the  barley  of  the  series  was  lost  by  the  giving 
way  of  the  tube  in  combustion ;  to  that,  in  its  case,  we  can  only 
give  the  amount  of  dry  matter  produced;  but,   comparing  the 

*  The  numbers  given  in  brackets  refer  to  those  of  the  figures  of  the  respective 
plants  given  in  plate  III. 
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resalts  on  ihis  point  with  those  in  the  other  cases,  there  is  no 
reason  to  believe  that  those  in  regard  to  the  nitrogen  would  have 
been  different. 

It  will  be  remembered  that  M.  Bonssinganlt  and  M.  G. 
Yille  obtained  most  discordant  results  in  experimenting  with 
Graminaoeie,  and  it  will  be  seen  that  our  own  results,  from  nine 
experiments  with,  such  plants,  go  entirely  to  confirm  those  of 
IL  BouBsingault. 

Legumirwus  Plants. 

It  has  been  shown  in  section  1  of  this  paper,  that,  under  equal 
circumstances  of  soil  and  season,  Leguminous  crops  yield  two,  three, 
or  more  times  as  much  nitrogen  per  acre,  as  Graminaceous  ones ; 
that,  nevertheless,  the  latter  are  very  characteristically  benefited  by 
the  direct  use  of  ammoniacal  manures,  whilst  the  former  are  not  so; 
and  again,  that  a  much  larger  Graminaceous  crop  is  obtained  after 
tbe  growth  and  removal  of  a  highly  nitrogenous  Leguminous  one, 
than  after  another  Graminaceous  crop.  Experiments  such  as  those 
now  under  consideration,  can  obviously  bear  upon  a  few  only  of 
the  circumstances  which  may  be  connected  with  the  differences 
referred  to.  They  do,  however,  bear  upon  the  questions — (1) 
whether  in  the  growth  of  the  Graminacete,  there  is  a  decomposi- 
tion of  nitrogenous  compounds  and  an  evolution  of  free  nitrogen  ? 
or,  (2)  whether  the  Leguminosae  may  assimilate  free  nitrogen,  and 
thus  not  only  allow  the  resources  of  the  soil  to  accumulate,  but 
leave  within  it,  in  roots  and  other  vegetable  dSbriSj  an  additional 
quantity  of  combined  nitrogen  ? 

The  facts  already  considered  do  not  indicate  an  evolution  of 
free  nitrogen  from  the  nitrogenous  compounds  of  Graminaceous 
plants  during  growth;  and  others,  to  which  we  shall  presently 
refer,  afford  confirmatory  evidence  in  the  same  direction. 

With  regard  to  the  second  point,  as  the  growthof  the  Leguminous 
plants  under  the  experimental  conditions  was  generally  not  so 
healthy  as  that  of  the  GraminacesB,  it  may,  perhaps,  be  main- 
tained, that  a  negative  result  with  them  was  not  so  conclusive  as 
with  the  latter.  In  1857,  several  experiments  with  beans  were 
commenced,  but  they  grew  well  in  only  one  of  the  shades.  These, 
however  (especially  one  plant  out  of  the  two  in  the  same  pot),  pro- 
gressed remarkably  well  for  10  weeks,  during  which  time  the 
amount   of  dry   matter,   and  consequently  of  carbon,   increased 
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about  five-fold ;  more  than  three-fourths  of  the  nitrogen  of  the 
seed  was  appropriated,  and  the  plants  probably  ceased  to  grow 
only  when  the  remainder  became  so  distributed  in  the  soil  as  not 
to  be  available.  The  beans  and  peas  of  1858  did  not  grow  so 
satisfactorily  as  the  beans  of  1857  last  referred  to;  yet  the  beajis 
(of  1858)  gave  more  than  three  times  as  much  organic  matter  in 
the  produce  as  was  contained  in  the  seed,  and  appropriated  even 
a  much  larger  proportion  of  the  nitrogen  of  the  seed  than  did 
those  of  1857.  The  result  with  the  peas  was  not  so  satisfactory, 
owing  to  the  less  healthy  and  more  limited  character  of  the 
growth.  It  may  be  added  that  none  of  these  Leguminous  plants 
arrived  at  the  stage  of  flowering. 

The  result  is,  however,  that  active  growth  has  taken  place — 
that  the  process  of  cell  formation,  with  the  decomposition  of 
carbonic  acid  and  fixation  of  carbon,  has  gone  forward  with  a 
deficient  0upply  of  combined  nitrogen,  and  in  the  immediate  pre- 
sence of  free  nitrogen,  both  gaseous  and  dissolved — in  fact,  that 
the  plants  have  been  subjected  to  a  considerable  range  of  the  con- 
ditions which  appear,  d  priori,  to  be  favourable  to  the  assimila- 
tion of  free  nitrogen,  yet  none  has  been  assimilated  by  these 
Leguminous  plants  any  more  than  by  the  Graminaceous  ones. 

It  is  a  fact  observed  in  agriculture,  that  manures  rich  in  organic 
matter,  frequently  favour  the  growth  of  Leguminous  crops;  and 
without  discussing  the  question  whether  they  act  as  a  source  of 
carbonic  acid  merely,  or  of  carbon-compounds  of  a  more  com- 
plicated character,  attention  may  be  called  to  the  fact,  that,  in  the 
experiments  now  under  consideration,  the  vital  forces  were  suf- 
ficiently energetic  to  perform  the  function  of  cell  .development 
and  multiplication,  from  carbonic  acid  as  the  source  of  carbon, 
and  yet  they  were  incapable  of  effecting  the  appropriation  of  free 
nitrogen. 

Bu4:Jctvheat, 

In  the  experiment  with  buckwheat,  most  of  the  seed  nown  came 
up,  but  about  half  of  the  plants  lived  only  for  a  few  days.  The 
remainder  went  through  all  the  stages  of  development  to  flowering, 
but  the  amount  of  growth  was  nevertheless  very  limited,  the 
quantity  of  dry  matter  produced  being  less  than  that  in  the  seed 
sown,  and  the  nitrogen  in  the  plants  little  more  than  one-third 
that  in  the  seed.  It  will  be  seen  further  on,  however,  that  on  the 
addition  of  an  amount  of  ammonia  very  small  in  its  contents  of 
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nitrogen  compared  with  the  seed,  to  plants  in  a  precisely  similar 
condition  to  those  now  under  consideration,  the  increase  of  growth 
was  extremely  marked. 

Keference  to  the  column  in  Table  XVIII  giving  the  gain  or 
I068  of  nitrogen,  will  show  that,  under  the  conditions  of  growth 
described,  there  was  no  gain  of  nitrogen  by  the  buckwheat,  but 
on  the  contrary  a  loss  of  nearly  2  milligrammes,  doubtless  due  to 
the  evolution  of  free  nitrogen  in  the  decomposition  of  some  of  the 
plants  that  died. 

Various  experimenters,  from  the  time  ofDeSaussure,  have 
entertained  the  idea  of  the  probability  of  the  decomposition  of 
nitrogenous  compounds,  and  the  evolution  of  free  nitrogen,  during 
the  growth  of  plants.  We  have  been  engaged  in  following  up  the 
subject  in  a  more  direct  manner,  but  attention  may  here  be 
called  to  the  incidental  bearing  upon  it  of  the  results  above 
considered. 

With  no  less  force  than  they  point  to  the  non-assimilation  ox 
free  nitrogen,  do  they  show  that  there  has  been  no  evolution 
of  firee  nitrogen  from  the  nitrogenous  compounds  of  the  grow- 
ing plant.  At  all  events,  from  the  constancy  of  the  amount 
of  combined  nitrogen  maintained  in  relation  to  that  supplied,  the 
assumption  that  an  evolution  has  taken  place,  implies  the  still 
more  improbable  one,  that  there  has  been  an  exactly  compensating 
assimilation.  But,  when  supplied  with  an  insufficient  quantity  of 
nitrogenous  matter,  the  vegetable  organism  might  not  decompose 
any  of  that  matter  ;  and  yet,  ¥rith  an  excess  of  combined  nitrogen, 
decomposition  might  take  place.  We  shall,  therefore,  refer  to 
this  question  agaiu,  in  connexion  with  the  results  obtained  when 
an  extraneous  supply  of  combined  nitrogen  was  provided  to  the 
plants. 

EcperimenU  in  which  the  Plants  had  a  knaivn  supply  of  Combined 
Nitrogen  beyond  thai  contained  in  the.  Seed  sovm. 

Although  in  the  experiments  already  considered,  the  extent  of 
growth  was  very  limited,  some  of  the  cereals  did  indeed  produce 
glomes  and  pales  for  seed ;  but  none  attained  to  the  formation 
and  ripening  of  the  seeds  themselves.  It  remains  to  consider, 
therefore,  what  may  take  place  with  more  active  and  vigorous 
growth,  and  at  a  later  stage  of  development. 


80  LAWES,  GILBERT,  AKD  PUOH  ON  THE 

We  have  suggested  the  improbability  of  an  assimilation  of  free 
nitrogen  taking  place  in  the  presence  of  an  -abundance  of  com- 
bined nitrogen ;  but  if  active,  healthy,  and  vigorous  growth  are 
favourable  to  the  assimilation  of  free  nitrogen,  and  these  conditions 
can  only  be  attained  by  keeping  within  the  reach  of  the  plant  an 
excess  of  combined  nitrogen,  we  should  have  to  conclude  that  free 
nitrogen  could  be  taken  up  in  the  presence  of,  and  in  preference 
to,  combined  nitrogen ;  d  priori  conclusions  on  points  involving 
vital  phenomena  are,  however,  obviously  unsafe. 

It  is  true,  we  have  pointed  out  the  improbability  of  an  assimila-* 
tion  of  free  nitrogen  in  the  presence  of  an  excess  of  combined 
nitrogen,  only  so  far  as  the  vital  process  of  the  vegetable  cell  is 
concerned.  But,  the  more  active  the  growth,  the  greater  must  be 
the  amount  of  newly-formed  carbon-matter  capable  of  consuming 
oxygen  when  the  plant  is  removed  from  the  influence  of  sunlight 
into  the  dark.  That  is,  the  more  vigorous  tihe  growth  in  the  sun- 
light, the  greater  may  be  the  reducing  power  of  the  plant  in  the 
dark ;  and  the  greater  this  reducing  power,  the  more  nearly  will 
the  tendency  of  the  forces  approximate  to  an  evolution  of  hydro- 
gen, which,  in  the  presence  of  free  nitrogen  dissolved  in  the  fluids 
of  the  cell,  may  tend  to  form  ammonia,  to  be,  on  the  return 
of  sunlight,  appropriated  by  the  plant.  In  connexion  with  this 
point  it  may  be  mentioned  that  in  our  investigation  of  the  gases 
given  off  by  plants  under  various  circumstances,  we  have  had  an 
evolution  of  oxygen  one  day  as  a  coincident  of  growth,  and  an 
evolution  of  hydrogen  the  next,  as  the  result  of  decomposition. 

The  results  of  the  experiments  in  which  the  plants  were  sup- 
plied with  combined  nitrogen  beyond  that  in  the  seed  sown,  are 
given  in  Table  XX,  p.  81 ;  and  the  figures  7 — 12,  plate  III, 
show  the  character  and  extent  of  development  of  six  Graminaceous 
plants  with  extraneous  supply  of  combined  nitrogen,  correspond- 
ing to  the  six  above  them  without  such  supply ;  ai\d  the  vigour 
and  extent  of.  growth  attained,  may  be  taken  as  sufficient  proof 
that  the  conditions  of  soil,  atmosphere,  temperature,  &c.,  were 
consistent  with  active  and  healthy  growth.  As  already  explained, 
the  combined  nitrogen  was  supplied  by  means  of  dilute  solutions 
of  sulphate  of  ammonia. 

It  will  be  instructive  to  consider  the  results  to  which  Table  XX 
refers  in  regard — (1)  to  the  actual  gain  or  loss  of  nitrogen ;  (2)  to 
the  physiological  evidence  afforded  during  growth;  (8)  their 
indications  as  compared   with   the  results  obtained   when  there 
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was  no  other  supply  of  combined  nitrogen  beyond  that  in  the  seed 
sown. 

As  in  the  experiments  without,  so  dlso  in  those  with  a  supply 
of  combined  nitrogen  beyond  that  in  the  seed  sown,  there  is 
generally  a  slight  gain  of  nitrogen  in  those  of  1857,  but  almost 
invariably  a  loss  rather  than  a  gain  in  those  of  1858,  when  glazed 
stone-ware,  instead  of  slate  lute-vessels  were  employed ;  and  con- 
sidering the  possible  source  of  gain  when  slates  were  used,  the 
whole  of  the  results  can  be  interpreted  but  in  one  way. 

The  slight  loss  of  nitrogen  in  the  experiments  of  1858  is  easily 
accounted  for.  The  general  character  of  growth  of  the  peas, 
clover,  and  beans,  under  the  experimental  conditions,  as  already  re- 
ferred to,  taken  in  connection  with  the  evidence  adduced  as  to  the 
loss  of  nitrogen  during  the  decomposition  of  nitrogenous  organic 
matter,  sufficiently  explains  the  loss  in  their  case.  The  loss  in 
the  cases  of  the  wheat,  barley,  oats,  and  buckwheat  (1858),  would 
not  be  so  easily  explained,  had  not  the  combined  nitrogen  in  the 
drainage-water  remaining  at  the  end  of  the  experiment  been 
determined  separately ;  and  the  fact  that  a  notable  quantity  of 
ammonia  was  found  in  the  condensed  water,  only  where  there  was 
a  loss  of  combined  nitrogen  in  the  experiment,  would  lead  to  the 
inference,  that  both  phenomena  were  due  to  the  same  cause. 

The  condensed  water  showing  the  amounts  of  combined  nitrogen 
recorded  in  the  table,  was  that  collected  during  the  last  four  weeks 
of  growth ;  and  during  this  period  the  high  temperature,  and  the 
advanced  stage  of  growth  of  the  plants,  were  favourable  to  the 
evaporation  of  ammoniacal  water.  Owing  to  the  comparatively 
low  temperature  of  the  shade,  a  large  proportion  of  the  vapour 
would  condense  on  its  interior,  and  finally  be  collected  in  the 
bottle  O ;  but  a  certain  quantity  of  that  present  in  the  atmosphere 
of  the  apparatus,  during  the  passage  of  the  air  through  it,  would 
be  borne  forward  into  the  sulphuric  acid  in  the  bulb-apparatus  M, 
and  thus  occasion  a  loss  of  combined  nitrogen.  The  reason  of 
the  greater  loss  in  both  the  experiments  with  oats  than  in  those 
of  the  other  cereals,  is  not  perfectly  obvious ;.  but  in  connection 
with  this  point  it  may  be  mentioned  that,  in  one  case  more  par- 
ticularly, they  ripened  at  a  much  warmer  period  of  the  season,  and 
becoming  much  drier  in  stem  and  leaf,  might  be  more  liable  to 
evolve  ammonia. 

It  is,  however,  not  enough  to  consider  the  actual  gain  or  loss  of 
nitrogen  merely,  but  it  is  desirable  to  take  into  account  the  total 
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quantity  of  nitrogen  at  the  disposal  of  the  plants,  and  also  the 
amonnt  and  character  of  growth,  under  the  different  conditions, 
or,  in  other  words,  the  physiological  evidence. 

We  have  already  called  attention  to  the  fact  of  the  very  great 
increase  of  growth  when  a  supply  of  combined  nitrogen,  extraneous 
to  that  of  the  seed  sown,  was  provided.  This  is  strikingly  illus- 
trated by  the  figures  in  the  columns  of  Table  XX,  which  show 
the  amounts  respectively,  of  dry  substance  and  of  nitrc^en,  in  the 
final  produce  per  seed  with  ammonia  to  that  without  it  taken 
as  1 ;  but  the  indications  manifested  from  the  earliest  periods  of 
growth  require  to  be  briefly  noticed. 

When  they  first  came  up,  all  the  plants  looked  green  and 
vigorous,  indicating  the  presence  of  all  conditions  essential  to 
healthy  growth ;  and  there  can  be  little  doubt  that,  at  that  time, 
they  were  supplied  with  an  excess  of  combined  nitrogen  in  relation 
to  their  immediate  wants.  After  some  days,  varying  with  the 
nature  of  the  plants',  they  began  to  assume  a  lighter  green  or  pale 
yellow  tint,  indicative  of  a  want  of  combined  nitrogen.  It  has 
been  already  pointed  out  how  favourable,  probably,  would  be  the 
condition  for  the  assimilation  of  free  nitrogen,  when  the  plant  was 
passing  from  the  state  in  which  it  had  an  excess  to  that  in  which 
it  had  a  deficiency  of  combined  nitrogen  for  the  demands  of 
growth.  The  vigorous  development  of  the  plants  grown  under  the 
same  conditions  as  the  other  experimental  plants,  but  in  garden  soil 
(fig.  13,  plate  III.),  indicates  that  the  conditions  of  atmosphere,  &c., 
provided,  were  not  at  fault.  If  a  supply  of  combined  nitrogen 
alone  be  deficient  when  the  plants  show  the  declining  vigour  above . 
described,  they  will,  on  its  addition,  resume  their  healthy  green 
colour.  Or,  if  combined  nitrogen  be  added  before  the  plants 
decline,  it  will  prevent  them  assuming  the  pale  green  or  yellow 
colour.  Both  these  expedients  have  been  adopted ;  and  so  far  as 
the  cereals,  buckwheat,  and  clover  are  concerned,  each  has  yielded 
a  result  indicating  that  combined  nitrogen  alone  was  needed  for 
healthy  growth. 

The  plants  to  which  ammonia  was  given  in  1857,  were  allowed 
to  suSEdT  more  before  they  received  it,  than  those  of  1858  ;  yet  in 
thirty-six  hours  after  its  addition  to  the  soil,  in  amount  not 
exceeding  1*5  milligramme  of  nitrogen  to  each  plant,  they  began 
manifestly  to  improve,  and  in  two  or  three  days  the  effect  was 
quite  marked ;  but  at  the  termination  of  periods  varying  from 
nine  to  eighteen  days,  they  seemed  to  have  consumed  all  that  had 
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not  become  inaccessible  in  the  soil,  and  began  to  show  the  Eutme 
indications  of  defective  supply  as  before.  A  new  incremeni}  of 
combined  nitix>gen  (excepting  when  in  one  or  two  instances  it  ^v^as 
•added  too  late)  caused  a  new  increment  of  growth,  greener  colour, 
and  a  more  vigorous  appearance  generally,  to  be  soon  followed  by 
the  recurrence  of  the  pale  colour,  and  so  on.  At  each  recurrence 
of  these  conditions,  the  plants  must  have  passed,  at  a  more  advanced 
stage  of  growth  than  before,  from  the  point  of  having  an  excess  ±0 
that  of  having  a  deficiency  of  combined  nitrogen. 

A  considerable  range  of  conditions  of  growth  was  thus  pro* 
vided.  Just  after  each  addition,  the  plants  must  have  been  8upplie<l 
with  an  excess  of  nitrogen  in  an  available  form,  as  was  evinced 
in  the  formation  of  new  shoots  from  the  base  or  the  nodes  of  the 
plants.  But  these  new  shoots,  at  first  growing  vigorously,  soon 
suffered  for  want  of  a  new  supply ;  and  in  passing  to  this  point,  the 
newly-formed  and  vigorously-growing  portion  of  the  vegetable 
matter,  would  be  in  the  condition  assumed  to  be  the  most 
favourable  to  the  assimilation  of  free  nitrogen.  This  cycle  of 
conditions,  repeated  several  times  during  the  growth  of  the  same 
plant,  and  the  experiment  similarly  conducted  with  a  number  of  pots 
of  plants  of  different  kinds,  with  like  results  in  all  cases,  afforded 
a  wide  range  of  circumstances  assumed  to  be  favourable  to  the 
assimilation  of  free  nitrogen,  which,  however,  has  not  taken  place. 

Table  XX  shows,  that  there  remained  in  the  soil,  at  the  ter- 
mination of  the  experiment,  a  greater  or  less  amount  of  the 
combined  nitrogen  artificially  supplied,  yet  the  physiological 
evidence  sufficiently  showed  the  effect  of  each  new  addition;  nor 
is  it  difficult  to  imagine  that  a  few  milligrammes  of  ammonia, 
intermingled  with  1,500  or  1,600  grammes  of  soil  (and  pot),  might 
become  so  distributed  and  absorbed,  that  a  considerable  proportion 
should  remain  inaccessible  to  the  plant. 

The  Graminaceous  plants  of  1858  were  supplied  with  combined 
nitrogen  at  an  earlier  period  of  growth  than  those  of  1857,  and  were 
not  allowed  to  show  such  marked  signs  of  deficiency  before  receiving 
fresh  supplies. 

Attention  should  be  called,  in  passing,  to  the  remarkable 
character  of  growth  exhibited  in  some  of  the  experiments* 

Shortly  after  the  addition  of  ammonia  to  the  Graminaceae  for 
the  first  time,  the  plants  began  to  throw  out  new  shoots  from  the 
base  of  the  principal  stem,  as  if  they  had  first  developed  a  stem 
commensurate  with  the  limited  amount  of  combined  nitrogen  con- 
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tained  in.  the  seed,  and  then,  with  the  new  supplies,  been  obliged 
to  find  vent  for  their  activity  in  new  directions.  Some  of  the  new 
fihoots  came  forth  close  to  the  surface  of  the  soil,  some  at  the  first, 
and  some  at  the  second  nodes,  as  the  drawings  of  the  plants,  given 
in  plate  III,  will  show. 

Another  remarkable  feature  was  the  formation  of  roots  at  the 
second  and  third  nodes  above  the  ground,  in  the  case  of  most  of 
the  Graminacese  to  which  ammonia-salt  was  added.  These  roots 
came  out  around  the  node^  and  extended  downwards,  several 
reaching  the  soil  from  heights  varying  from  ^  to  1^,  or  -even  2 
inches,  and  penetrating  it  to  the  bottom  of  the  pot.  The  most 
marked  instance  was  that  of  the  barley,  fig.  11,  plate  III,  given  in 
more  detail  with  special  reference  to  these  points,  in  fig.  16, 
plate  III.  As  the  figures  show,  roots  and  new  stems  came  from  the 
same  node,  making  the  latter  a  new  axis  of  growth,  like  the  seed 
in  the  first  instance.  The  original  stems,  below  these  nodes,  did 
not  increase  much  in  size  with  the  addition  of  ammonia,  but  the 
stems  above  the  nodes  became  much  larger  than  the  portions 
below  them,  as  did  those  of  the  new  shoots. 

Finally,  in  regard  to  the  GraminacesB  :  so  long  as  an  additional 
supply  of  combined  nitrogen  increased  growth,  so  long  must  the 
)>hysiological  conditions  have  required  available  nitrogen,  and  there- 
fore have  been  more  or  less  favourable  to  the  assimilation  of  free 
nim>gen  if  this  were  possible ;  but  no  such  assimilation  took  place. 

With  regard  to  the  other  plants  little  more  need  be  said  than 
to  direct  attention  to  the  columns  of  gain  or  loss  of  nitrogen.  As 
already  observed,  the  growth  of  the  Leguminosae  was  by  no  means 
BO  satisfactory  as  that  of  the  Graminaceee  ;  and  hence,  the  results 
relating  to  them  apply  to  a  more  limited  range  of  conditions  of 
growth,  and  are,  therefore,  less  conclusive  against  the  possibility 
of  the  assimilation  of  f;*ee  nitrogen  in  their  case  ;  though,  so  far 
as  they  go,  they,  as  well  as  those  with  the  buckwheat,  tend  to 
confirm  those  with  the  cereals.  It  should  be  remembered,  too, 
that  M.  Boussingault  experimented  with  a  great  many  Legu- 
minous plants,  and  generally  succeeded  in  getting  much  more 
healthy  growth  than  we  were  able  to  do,  but  in  no  case  did  he  find 
any  such  gain  of  nitrogen  as  to  lead  to-  the  conclusion  that  free 
nitrogen  had  been  assimilated.  We  shall,  ourselves,  have  additional 
evidence  to  bring  forward  on  this  subject  on  a  future  occasion. 

In  regard  to  the  single  experiment  with  clover,  the  results  of 
which  are  given  in  Table  XX,  it  may  be  mentioned  that  we  failed 
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to  get  any  growth  in  the  experiment  attempted  withontthe  addition 
of  ammonia,  and  obtained  comparatively  little  with  it.  Beans  and 
peas  also  proved  so  sensitive  nnder  the  conditions  of  experiment, 
and  were  so  much  less  characteristically  benefited  by  the  supply 
of  ammonia-salts,  that  it  was  obvious  they  suffered  from  other 
causes  than  a  want  of  combined  nitrogen.  In  subsequent  experi- 
ments, however,  nitrates  have  been  found  to  be  much  more  bene- 
ficial than  ammonia-salts ;  as,  indeed,  they  are  when  applied  to 
Leguminous  crops  grown  in  the  field. . 

It  has  already  been' pointed  out  that  the  beans  grown  in  1857 
without  extraneous  supply  of  combined  nitrogen,  appropriated 
nearly  four-fifths,  and  those  grown  in  the  same  way  in  1858  a 
larger  proportion  still,  of  the  nitrogen  of  the  seed  sown.  In  con- 
trast with  these  results,  it  may  be  mentioned  that,  in  the  experi- 
ment with  beans,  *'  1858  A "  (see  Table  XX),  there  were  00523 
gramme  of  nitrogen  in  the  seed  sown,  and  00188  gramme  sup- 
plied as  ammonia-salt,  making  together  007 11  gramme,  of  which 
the  plants  appropriated  only  0*0401  gramme,  or  about  one-fifth 
less  than  was  supplied  in  the  seeds  alone ;  yet,  it  was  in  this  expe- 
riment with  Leguminous  plants,  that  the  addition  of  ammonia-salt 
produced  the  most  obvious  effects  on  the  growth. 

From  a  review  of  the  whole  of  the  results  of  the  direct  experi- 
ments on  the  question  of  assimilation,  it  appears  that  the  Grs^i- 
naceous  plants  grew  the  most  healthily,  and  provided  a  wide  range 
of  conditions  for  the  assimilation  of  free  nitrogen;  that  the 
Leguminous  plants  were  less  healthy,  and  therefore  provided  a 
more  limited  range  of  conditions  for  assimilation  ;  and  that  the 
growth  of  other  plants  was  also  less  satisfactory  than  that  of 
Graminaceous  ones.  In  all,  the  growth  was  more  or  less  increased 
by  the  supply  of  combined  nitrogen  beyond  that  contained  in  the 
seed.  The  effect  was  the  most  marked  with  the  Graminaceous 
plants,  their  increase  of  dry  vegetable  substance  due  to  the  extra- 
neous supply  of  combined  nitrogen  being  8,  12,  and  even  nearly 
30-fold,  according  to  the  amount  provided.  Yet,  with  19  experi- 
ments with  Graminaceous  plants,  6  with  Leguminous  ones,  and 
some  with  plants  of  other  descriptions,  with  such  great  variation 
in  the  amount  and  character  of  growth,  and  in  the  amount  of 
combined  nitrogen  involved  in  the  experiment  in  the  several 
cases,  in  no  instance  have  the  results  been  such  as  to  lead  to  the 
conclusion  that  there  was  an  assimilation  of  free  nitrogen. 
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The  results  of  ihe  whole  enquiry  may  be  briefly  enumerated  as 
follows : — 

The  yield  of  nitrogen  in  the  vegetation  over  a  given  area  of 
land,  within  a  given  time,  especially  in  the  case  of  Legnminons 
crops,  is  not  satisfactorily  explained  by  reference  to  the  hitherto 
quantitatively  determined  periodical  supplies  of  combined  nitrogen. 

Numerous  experiments  have  been  made  by  M.  Boussingault, 
from  which  he  concludes  that  free  or  uncombined  nitrogen  is  not 
a  direct  source  of  the  nitrogen  of  vegetation.  M.  G.  Ville,  on 
the  other  hand,  concludes,  frt>m  his  results,  that  free  nitrogen 
may  be  a  source  of  a  considerable  proportion  of  the  nitrogen  of 
growing  plants.  The  views,  or  explanations,  of  other  experi- 
menters, on  this  disputed  point,  are  various  and  inconclusive. 

It  was  found  that  the  conditions  of  growth  adopted  in  our  own 
experiments  on  the  question  of  the  assimilation  of  free  nitrogen, 
were  consistent  with  the  healthy  development  of  various  Gramina- 
ceous plants,  but  less  so  for  that  of  the  Leguminous  plants  experi- 
mented upon. 

From  the  results  of  various  investigations,  as  well  as  from  other 
oonsiderations,  we  think  it  may  be  concluded  that,  under  the  cir- 
cumstances of  our  experiments,  there  would  not  be  any  supply  to 
the  plants  of  an  unaccounted  quantity  of  combined  nitrogen,  due 
either  to  the  formation  of  oxygeu-compounds  of  it  under  the  in- 
fluence of  ozone,  or  nascent  oxygen,  or  to  that  of  ammonia  under 
the  influence  of  nascent  hydrogen. 

We  have  found  that  free  nitrogen  is  given  ofi*in  the  decomposi- 
tion of  nitrogenous  organic  matter  under  certain  circumstances. 
But,  considering  the  circumstances  of  such  evolution,  and  those  to 
which  the  nitrogenous  organic  matter  necessarily  involved  in  ex- 
periments on  the  question  of  assimilation  of  fi^e  nitrogen  is  sub- 
jected, it  may,  we  think,  be  concluded  that  there  would  be  no 
loss  of  combined  nitrogen  from  this  cause  in  such  experiments, 
excepting  in  certain  cases  when  it  might  be  pre-supposed. 

Our  experimental  evidence,  so  far  as  it  goes,  does  not  favour 
the  supposition  that  there  would  be  any  loss  of  combined  nitrogen 
in  the  experiments  on  assimilation,  due  to  the  evolution  of  free 
nitrogen  fit>m  the  nitrogenous  constituents  of  the  plants  during 
growth. 

In  numerous  experiments  with  Graminaceous  plants,  grown  both 
with  and  without  a  supply  of  combined  nitrogen  beyond  that  con- 
tained in  the  seed  sown,  in  which  there  was  great  variation  in  the 
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amonnt  of  combined  nitrogen  involved,  and  a  wide  range  in  the 
conditions,  character,  and  amount  of  growth,  we  have  in  no  case 
found  any  evidence  of  an  assimilation  of  free  or  uncombined 
nitrogen. 

In  our  experiments  with  Leguminous  plants,  the  growth  was 
less  satisfactory,  and  the  range  of  conditions  possibly  favourable  for 
the  assimilation  of  free  nitrogen  was,  therefore,  more  limited. 
But  the  results  recorded  with  these  plants,  so  far  as  they  go,  do 
not  indicate  any  assimilation  of  free  nitrogen.  Since,  however,  in 
practice,  Leguminous  crops  assimilate,  from  some  source,  so  very 
much  more  nitrogen  than  Graminaceous  ones,  un^er  ostensibly 
equal  circumstances  of  supply  of  combined  nitrogen,  it  is  desirable 
that  the  evidence  of  further  experiments  with  these  plants,  under 
conditions  of  more  healthy  growth,  should  be  obtained. 

Results  obtained  with  some  other  plants  are  in  the  same  sense 
as  those  obtained  with  Graminaceae  and  Leguminosad,  in  regard  to 
the  question  of  the  assimilation  of  free  nitrogen. 

In  view  of  the  evidence  of  the  non-assimilation  of  free  nitrogen 
by  plants  under  the  wide  range  of  circumstances  provided  in  the 
experiments,  it  is  desirable  that  the  several  actual  or  possible 
sources  of  combined  nitrogen  to  plants  should  be  more  fully  inves- 
tigated, both  qualitatively  and  quantitatively. 

If  it  be  established  that  the  processes  of  vegetation  do  not  bring 
free  nitrogen  into  combination,  it  still  remains  not  very  obvious  to 
what  actions  a  large  proportion  of  the  existing  combined  nitrogen 
may  be  attributed. 
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LtEBIG  AND  THE  "MINERAL  THEORY." 


The   terms  "mineral"  and  *' inorgaoie,"   as   applied   to   the   oonstitnents  of 
manures  or  crops,  are,  for  conTenienoe,  employed  thronghoat  this  paper  to 
designate  the  incombostible  or  ''ash  constituents,"  they  haTing  been  generattj 
employed  in  this  restricted  sense  by  liebig  and  most  other  irriters  on  agiicoltural 
ehemistii^  during  the  last  twenty  years  or  more.    Yet,  in  his  recent  -work  (Bin- 
leitung  m  die  Natnrgesetze  des  Feldbanes,  p.  32  et  seq.)  Baron  Liebig  repudiates 
and  ridicules  such  a  classification  as  unscientific,  claims  ammonia  and  its  salts 
as  mineral  manures,  and  accuses  Mr.  Laires  of  setting  up,  in  opposition  to  his 
own,  a  theory  according  to  which  mineral  or  inorganic  manures  should  eontain 
only  incombustible  or  ash  consb'tuents.    To  support  this  allegation,  he  giFes,  in 
a  sepsMte  paragraph,  and  in  italics  (Sperrschnft),  the  following  sentence  as  a 
quotation  from  Mr.  jLawes's  paper  on  '  Agricultural  Chemistry,*  toT.  Tiii.  p.  240,  of 
this  Journal : — 

"  Manures  are  generally  divided  into  two  classes,  organic  and  inorganic : 
organic  manures  are  those  which  are  capable  of  yielding  to  the  plant,  by  decom- 
position or  otherwise,  carbon,  hydroeen,  and  nitrogen.  Inoreanic  manures  are 
those  substances  which  contain  tiie  mineral  ingredients  of  which  the  ash  of  plants 
is  found  to  consist.*' — [Translation.] 

But  the  following  is  the  passaffe  as  it  really  stands  at  the  page  referred  to  by 
Baron  Liebig,  and  the  portions  given  in  capitals  are  those  which  are  omitted  by 
Baron  Liebig  in  his  professed  quotation : — 

'*I  NOW  con  TO  THB  ACTION  OF  mauures,  which  are  generally  divided  \txt0 
two    classes — organic   and   inorganic.    Although   this  nisTiNcnoir  is  bt   no 

MSAMS     SATISPACTOBT,     I     SHALL     ADOPT     IT    AS    BBINO    G&NBBAIXT     Uin>BB8TOOI>. 

Organic  manures  are  those  which  are  capable  of  yielding  to  the  plant,  by  decom^ 
position  or  otherwise,  oboamic  UkTnR — carbon,  hydrogen,  oxTOsir,  and  nitrogen 

— CONSTlTUEZrrS     WHICH    UKCT7LTIVATKD    PLAITTS    DEBIVB    OSIGINALLT    IBOM     THB 

ATXOSPHBBB.  Izioiganie  manures  are  those  substances  which  contain  the  mineral 
ingredients,  of  which  the  ash  of  plants  is  ibund  to  consist" 

Here,  then,  in  this  which  was  Mr.  Lawes's  first  paper,  the  classification  which 
Baron  Liebig  accuses  him  of  originating  is  only  adopted  as  being  already  at  that 
time  "  generally  understood,**  and  with  a  distinct  protest  that  it  is  "  by  no  means 
satisfactory."  Yet,  in  order  to  fix  the  origination  of  the  distinction  upon  Mr. 
Lawes,  Baron  Liebig  joins  together  disconnected  parts  of  a  passage,  and  gives 
them,  in  a  separate  paragraph,  in  italics  (Sperrschrift),  and  between  unbroken 
inverted  commas,  omitting  (besides  less  material  portions)  an  entire  sentence 
which  distinctly  disproves  the  truth  of  the  allegation  in  support  of  which  the 
professed  quotation  is  brought  forward !  Having  thus  moulded  Mr.  Lawes'iB 
sentence  to  suit  the  requirements  of  his  argument,  he  goes  on  to  say : — 

"  From  this  doctrine  of  the  practical  man  it  necessarily  followed  that  a  mineral 
manure  must  be  one  which  contained  (mly  the  ash  constituents  of  vegetable  pro- 
ducts, and  from  the  composition  of  which  ammonia-salts,  as  belonging  to  organic 
manures^  are  excluded.  To  be  sure,  in  every  chemical  manual  ammonia  and  its 
salts  are  treated  of  among  inorganic  substances,  since  they  are  objects  of  chemical 
manu£icture,  whilst  organic  matters  cannot  be  produced  by  man ;  and  this  fact 
might  well  have  led  to  the  suspicion  that  ammonia  was  not  necessarily  excluded 
from  an  inorganic  manure.  The  agricultural  chemistry  of  the  practical  man  was 
evidently  a  peculiar  chemistry,  which  had  no  connexion  with  ordinary  chemistry, 
and  thus  his  theory  might  well  find  some  justification,  but  according  to  my  theory 
I  obviously  took'  another  point  of  view.  Mr.  Lawes,  indeed,  mentions  in  his  paper 
(p.  21),  that  my  manures  smelt  of  ammonia,  and  hence  contained  an  ammonia- 
salt  ;  but  he  iinplied  that  this  might  be  a  little  artifice,  in  order  to  give  to  my 
manures  an  efiacacy  which,  acco^ing  to  his  interpretation  of  my  theory,  they 
should  not  possess. — [Translation.] 

The  following  quotations,  taken  from  several  of  Baron  Liebig's  works,  will 
show  whether  he  has  not  been  accustomed  to  use  the  terms  "mineral"  and 
"  inoiganic  **  to  designate  the  incombustible  or  ash  constituents,  and  to  distinguish 


(     2     ) 

tlieM  from  "ammonia/'  "ammoniacal  salU,**  "atmospheric  oonBtituenta,"  &c. 
The  italicinsg  ia  our  own : — 

*'The  min^-al  constitnenta  act,  ae  is  shown  by  the  produce  of  the  unmannred 
land,  "withont  any  artificial  supply  of  amfnonia" 

"  The  ammonia  increases  the  podnce  only  if  the  mineral  constitnents  be  present 
in  the  soil  in  due  quantity,  and  m  an  available  form. 

"Ammonia  is  without  effect  if  the  mineral  constituents  are  wanUns.  Conse- 
quently, the  action  of  ammonia  is  limited  to  the  acceleration  of  the  action  of  the 
fmneral  coostituents  in  a  giren  time/* — PrincipUs,  pp.  86-7  (1856). 

" the  other  is  the  action  of  sufyhate  of  ammonia  as  a  solvent  for 

certain  important  mineral  constituents  of  the  soil." — ^Ib.,  p.  99  (1865). 

"Ammonia^  when  used  as  a  manure  alone,  and  when  there  is  a  want  of  mineral 
eonatitnents  in  the  soil,  is  like  the  spirits  which  the  labourer  takes  in  order  to 
inerease  his  available  labour,  power,  or  imagination ;  and,  like  that  stimulant,  its 
actioD,  in  this  case,  is  followed  by  a  corresponding  exhaustion." — lb.,  p.  106  (1866). 
**  Hence  it  is  quite  certain  that  in  our  flel£  the  amount  of  nitrogen  in  the 
dope  is  not  at  all  in  proportion  to  the  quantity  supplied  in  the  manure^  and  that 
the  aoil  cannot  be  eznausted  by  the  exportation  of  products  containing  nUrogen 
Cvnless  these  products  contain  at  the  same  time  a  large  amount  of  mineral  iu- 
gradients),  because  the  nitrogen  of  vegetation  is  furnished  by  the  atmosphere,  and 
not  hy  the  soil.  Hence  also  we  cannot  augment  the  fertility  of  our  fiel<u,  or  their 
powers  of  production,  by  supplying  them  with  manures  ridi  in  nitrogen^  or  with 
ammonia  talte  alone.  The  crops  on  a  field  diminish  or  increase  in  exact  proportion 
to  the  diminution  or  increase  of  the  mineral  eubetancee  conveyed  to  it  in  manure." 
—4th  Edition,  p.  210  (1847  ?). 

'*  But,  at  the  same  time,  it  is  of  great  importance  for  agriculture  to  know  with 
certainty  that  the  supply  of  ammonia  is  unnecessary  for  most  of  our  cultivated 
plants,  and  that  it  may  be  even  superfluous,  if  only  the  soil  contain  a  sufficient 
supply  of  the  mineral  food  of  plants,  when  the  ammonia  required  for  their  develop- 
ment will  be  furnished  by  the  atmosphere." — 4th  Edition,  p.  212  (213). 

**A  fertile  soil  must  contain  in  sufficient  quantity,  and  m  a  form  adapted  for 
assimilation,  all  the  inorganic  materials  indispensable  for  the  growth  of  plants. 

"A  field  artificially  prepared  for  culture  contains  a  certain  amount  of  these 
ingredients,  and  also  of  ammoniacai  salts  and  decaying  vegetable  matter." — 
4thEdition,  F|.  169. 

"The  meaning  of  these  sentences  in  my  work  is  this :  '  that  ammoniacai  salts 
alone*  have  no  effect;  that,  in  order  to  be  efficacious,  they  must  be  accompanied 
by  the  mineral  constituents,  and  that  the  efiect  is  then  proportional  to  the  supply 
— not  of  ammonia,  but  of  the  mineral  substances." — Principles,  p.  66  (1865). 

''  These  two  paragraphs  are  altogether  irreconcilable ;  for  if  Mr.  Lawes  admit 
that  the  mineral  constituents  are  indispensable  to  plants,  how  can  he  maintain 
that  these  veiy  mineral  constituents  are  replaceable  by  ammonia,  that  is  to  say, 
that  by  means  of  ammonia  we  can  altogether  dispense  with  them  ?  ** — Principles, 
p.  89  (1866). 

**  It  has  been  mentioned  in  the  preceding  part  of  the  chapter,  that  animal  excre- 
ments may  be  replaced  in  agriculture,  by  other  materials  containing  their  consti- 
tuents. Now,  as  the  principal  action  of  the  former  depends  upon  their  amount  of 
mineral  food  so  necessary  for  the  growth  of  cultivated  plants,  it  follows,  that  we 
might  manure  with  the  mineral  food  of  wild  plants,  or,  in  other  words,  with 
THsia  ASHSS  [the  capitals  are  Baron  Liebig's  own] ;  for,  these  plants  are  governed 
by  the  same  laws,  in  their  nutrition  and  growth,  as  cultivated  plants  themselves." 
->3id  Edition,  p.  183  (1848). 

"Bot  the  weight  or  amount  of  the  crops  is  in  proportion  to  the  quantity  of  food 
of  both  kinds,  atmospheric  and  mineral,  which  is  present  in  the  soil,  or  conveyed 
to  it  in  the  same  time.  By  manuring  with  ammoniacai  salts  a  soil  rich  in  avail- 
abls  mineral  constituents,  the  crops  are  augmented  in  the  same  way  as  they 
woald  have  been  if  we  had  increased  the  proportion  of  ammonia  in  the  air.** — 
Principles,  p.  77-8  (1866). 

These  sentences  will  be  sufficient  to  show  whether  or  not  Liebig  is  justified  in 
now  attempting  to  fall  back,  in  agricultural  discussions,  upon  the  more  strictly 
scientific  meaning  of  the  terms  ''mineral"  and  "inoivanic,"  so  as  to  include 
within  them  "  ammonia,**  **  ammoniacai  salts,"  "  atmospheric  constituents,"  &c., 
and  thus  to  give  a  new  definition  to  his  mineral  theory,  or  rather  substitnte  at  this 
date  for  his  own  theory,  which  has  proved  to  be  erroneous,  another  not  his  own. 
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EXPERIMENTS  WITH  DIFFERENT  MANURES. 


Thb  object  of  the  present  Report  is  to  give  an  account  of  the  pro- 
dace  of  hay  per  acre,  the  chemical  composition  of  the  hay,  and 
the  amoant  of  certain  constituents  removed  from  the  land,  in  the 
fourth,  fifth,  sixth,  and  seventh  seasons  of  experiments  on  the 
application  of  different  descriptions  of  manure,  each  applied 
(with  some  few  exceptions  or  modifications)  year  after  year  on 
the  same  of  a  series  of  plots  of  permanent  meadow  land.  The 
results  obtained  on  the  above  points  in  the  first,  second,  and 
third  years,  and  on  the  variation  in  the  description  of  plants 
developed  in  the  third  year,  were  g^ven  in  vols.  xix.  and  xx.  of  the 
R.  Agr.  Journal ;  and  in  the  last  Number  (vol.  xxiv.,  part  1)  a 
detailed  account  of  the  description  of  plants  developed  by  the 
different  manures  in  the  last  or  seventh  season  (1862),  was  giveiL 

It  is  proposed  to  give  the  numerical  results  obtained  during 
the  last  four  years  in  regard  to  the  points  in  question  in  some 
detail,  but  to  comment  on  them  much  more  briefly  than  it  was 
foDDd  desirable  to  do  when  treating  of  the  subject  for  the  first 
time,  in  the  Report  above  alluded  to,  to  which  we  would  refer  the 
leader  for  a  more  detailed  consideration  of  some  of  the  points  now 
discussed  more  briefly.  We  shall,  however,  give  in  the  Tables  a 
condensed  summary  of  the  results  obtained  over  the  whole  seven 
years  of  the  experiments,  side  by  side  with  those  of  the  later 
years,  and  in  the  course  of  our  comments  frequently  compare  the 
earlier  and  the  later  results. 

The  following  is  a  detailed  statement  of  the  manuring  of  each 
plot;  and,  unless  otherwise  stated,  it  has  been  the  same  every 
year  since  the  commencement  of  the  experiments  in  1856.  The 
quantities  per  acre  are  given. 

Plot  1.  Unmanured. 

Plot  2.  Unmanured  (duplicate  plot  at  the  further  end  of  the 
series). 

Plot  3a.  Superpnosphate  of  lime ;  composed  of  200  lbs.  of  boqe 
ash,  and  150  lbs.  sulphuric  acid  of  sp.  gr.  1*7.  4th 
season  (commencing  in  1859);  sawdust  alone  the 
three  previous  years. 

fiotSb.  Superphosphate  of  lime;  and  400  lbs.  ammonia-salts 
(equal  parts  sulphate  and  muriate  of  commerce,  sup- 
plying about  82  lbs.  nitrogen  per  acre).  4th  season 
(commencing  in  1859);  &e  tnree  previous  seasons 
sawdust  alone. 

Plot  4.  400  lbs.  ammonia-salts. 

B  2 


4  Report  of  Experiments  with  different  Manures 

Plot  5.  400  lbs.  ammonia-salts,  and  2000  lbs.  sawdust 

Plot  6.  275  lbs.  nitrate  of  soda  of  commerce  (containing  about 
41  lbs.  nitrogen).     5tb  season  (commencing  1858). 

Plot  7.  550  lbs.  nitrate  of  soda  (containing  about  82  lbs.  nitrogen). 
5th  season  (commencing  in  1858). 

Plot  8.  Mixed  mineral  manure,  composed  of — 

SOO  lbs.  sulphate  of  potass. 
200  lbs.  sulphate  of  soda. 
100  lbs.  sulphate  of  magnesia. 
Superphosphate  of  lime,  as  above. 

Plot  9.  Mixed  mineral  manure,  and  2000  lbs.  sawdust  (The 
mixed  mineral  manure  as  plot  8  to  1861  inclusive, 
and  in  1862  the  sulphate  of  potass  excluded,  and  the 
amount  of  sulphate  of  soda  raised  to  500  lbs.). 

Plot  10.  Mixed  mineral  manure,  as  plot  8,  and  400  lbs.  ammonia- 
salts. 

Plot  11.  Mixed  mineral  manure,  as  plot  9,  400  lbs.  ammonia- 
salts,  and  2000  lbs.  sawdust. 

Plot  12.  Mixed  mineral  manure,  as  plot  8,  400  lbs.  ammonia- 
salts,  and  2000  lbs.  cut  wheat^straw. 

Plot  13a. '  Mixed  mineral  manure,  as  plot  8,  and  800  lbs. 
ammonia-salts,  equal  about  164  lbs.  nitrogen  (only 
400  lbs.  ammonia-salts  in  1859,  1860,  and  1861). 

Plot  136.  Mixed  mineral  manure,  as  plot  13a,  to  1861  inclusive  ; 
the  same,  with  200  lbs.  silicate  of  soda  and  200  lbs. 
silicate  of  lime  in  addition,  in  1862,  and  800  lbs. 
ammonia-salts  (only  400  lbs.  ammonia-salts  in  1859, 
1860,  and  1861). 

Plot  14.  Mixed  mineral  manure,  as  plot  8,  and  275  lbs.  nitrate 
of  soda.     5th  season  (commencing  in  1858). 

Plot  15.  Mixed  mineral  manure,  as  plot  8,  and  550  lbs.  nitrate 
of  soda.     5th  season  (commencing  in  1858). 

Plot  16.  14  tons  farmyard  manure. 

Plot  17.  14  tons  farmyard  manure,  and  200  lbs.  ammonia  salts. 

The  first  crop  each  year  has  always  been  mown  for  hay,  and 
the  after-grass  eaten  off  by  sheep,  once  or  twice  as  might  be 
required,  a  certain  number,  according  to  the  amount  of  grass, 
being  folded  on  each  plot,  and  the  number  of  days  occupied  in 
its  consumption  noted. 

Produce  of  Hay  per  acre  {First  Crcp), 

In  Table  I.  (p.  29)  are  given  die  quantities  of  hay  obtained 
per  acre  (first  crop)  from  each  plot  in  each  of  the  four  years,  1859, 
1860,  1861,  and  1862 ;  also  the  average  annual  produce,  and 
average  annual  increase  by  manure,  over  the  four  and  over  the 
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whole  seven  years  of  the  experiments  (1856-1862  inclusiye). 
It  isy  of  course,  a  matter  of  much  interest  to  consider,  not 
only  the  actual  amounts  of  produce,  or  of  increase,  obtained  from 
each  of  the  differently  manured  plots,  but  also,  whether  the 
amonnts  increase  or  diminish  year  by  year  as  the  experiments 
proceed. 

The  duplicate  unmanured  plot,  which  was  'somewhat  shaded 
from  the  afternoon  sun,  gave  each  year  rather  more  produce 
than  the  other.  Taking  the  mean  of  the  two,  the  average 
amiual  yield  of  hay  per  acre,  without  manure,  was,  over  the 
whole  seven  years,  nearly  25^  cwts.,  and  over  the  last  four 
years  rather  more  than  26  cwts.,  showing  that  there  is  as  yet 
no  indication  of  progressive  deterioration  where  only  the  natural 
produce  of  the  soil  and  season  is  taken  from  the  land.  Nor  is 
there  as  yet  evidence  of  material  falling  off  in  gross  produce  in  any 
case  where  artificial  mineral  manures  were  employed,  notwith- 
standing that  none  of  those  used  supplied  every  mineral  or  inor- 
ganic *  constituent  taken  off  in  the  increased  crop.     The  details 

*The*tenii8  *' mmeral  *'  or  "  inorgBnic,*'  as  applied  to  the  constitQentB  of 
nnirareg  or  crops,  are,  for  conTenience,  emplojed  thronghoat  this  paper  to 
dajnate  the  incombustible  or  **  ash  constitaents,"  they  having  been  ^uerallj 
emplojed  in  this  restricted  sense  bj  Liebig  and  most  other  w^riters  on  agncnltunu 
ehemistry  daring  the  last  twenty  years  or  more.  Yet,  in  his  recent  irork  (Bin* 
IdtoD^  \ji  die  Natorgesetze  des  Feldbaaes,  p.  32  at  teq.)  Baron  Liebig  repadiates 
uid  ridicules  such  a  ciasoifioation  as  unscientific,  claims  ammonia  and  its  salts 
u  mmeral  manures,  and  accuses  Mr.  Lawes  of  setting  up,  in  opposition  to  his 
oiTD,  a  theory  according  to  which  mineral  or  inorganic  manures  should  contain 
<nlj  incombustible  or  ash  constituents.  To  support  this  aUe^tioo,  he  gives,  in 
i  iepsnte  paragraph,  and  in  italics  (Sperrschnft),  the  following  sentence  as  a 
qootation  from  Mr.  Lawes's  paper  on  *  Agricultural  Chemistry,'  vol.  yiii.  p.  840,  of 
this  Journal: — 

"Ihnnres  are  generally  divided  into  two  classes,  oi^ganic  and  inorganic: 
OTj^nic  manures  are  those  which  are  capable  of  yielding  to  the  plant,  by  decom- 
position or  otherwise*  carbon,  hydrogen,  and  nitrogen.  Inorganic  manures  are 
tbose  substances  which  contain  the  minenl  ingredients  of  which  the  ash  of  plants 
is  found  to  con8i8t."---[Tran8lation.] 

But  the  following  is  the  passa^  as  it  really  stands  at  the  page  referred  to  by 
Baron  Liebig,  and  the  portions  given  in  capitals  are  those  which  are  omitted  by 
Baron  liebig  in  his  profened  quotation : — 

"  I  NOW  COMB  TO  THx  ACTION  OF  manures,  WHICH  are  generally  divided  into 
two  classes — crganic  and  morganio.    Although  this  dishmciion  is  bt  mo 

■SANS    SATISVACrOBT,   I    SHALL   ADOPT  IT   AS  BEING    OENERALLr   UNDEB8T00D. 

Organic  manures  are  those  which  are  capable  of  yielding  to  the  plant,  by  decom- 
position or  otherwise,  oboanic  mattbb— carbon,  hydrogen,  oxygbn,  and  nitrogen 

--00N8TITUENTB  WHICH   UNCI7LTITATED  PLANTS   DEBIVE  OBIOINALI.T  FROM  THE 

fTMospHBBB.  Tuoivanic  manures  are  those  substances  which  contain  the  mineral 
ianedients,  of  which  the  ash  of  plants  is  found  to  consist" 

Here,  then,  in  this  which  was  Mr.  Lawes's  first  paper,  the  classification  which 
Baron  Liebig  accuses  him  of  originating  is  only  adopted  as  bein^  already  at  that 
One  **  generally  understood,"  and  with  a  distinct  protest  that  it  is  *'  by  no  means 
Mtisfactory."  Tet,  in  order  to  fix  the  origination  of  the  distinction  upon  Mr. 
lAw«a,  Bsfon  Liebig  Joins  tosether  disconnected  parts  of  a  passage,  and  gives 
^^^^  iu  a  separate  paragraph,  in  italics  (Sperrschrift),  and  between  unbroken 
inverted  commas,  omitting  (bearides  less  material  portions)  an  entire  sentence 
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given  in  our  paper  in  the  last  Number  of  the  R.  Agr.  Journal  do 
show,  however,  that  the  description  of  plants  developed  has,  in 
most  cases,  been  much  changed,  and  in  some  deteriorated,  under 

which  disdnctly  diBproves  the  truth  of  the  allegation  in  support  of  which  the 
professed  quotajtion  is  brought  forward !  Haying  thus  moulded  Mr.  Lawes's  sen- 
tence to  suit  the  requirements  of  his  argument,  he  goes  on  to  say : — 

**  From  this  doctrine  of  the  practical  man  it  necessarily  followed  that  a  nuneral 
manure  must  be  one  which  contained  onLy  the  ash-constitnents  of  vegetable  pro* 
ducts,  and  from  the  composition  of  which  ammonia-saIts»  as  belonging  to  organic 
manures,  are  excluded.  To  be  sure,  in  every  chemical  manual  ammonia  and  its 
salts  are  treated  of  among  inorganic  substances,  since  they  are  objects  of  diemical 
manufacture,  whilst  organic  matters  cannot  be  produced  by  man ;  and  this  fiict 
might  well  have  led  to  the  suspicion  that  ammonia  was  not  necessarily  excluded 
fh>m  an  inorganic  manure.  The  agricultural  chemistty  of  the  practical  man  waa 
evidently  a  peculiar  chemistry,  which  had  no  connexion  with  ordinary  chemistiyy 
and  thus  hU  theory  might  well  find  some  justification,  but  according  to  my  theory 
I  obviously  took  another  point  of  view.  Mr.  Lawes,  indeed,  mentions  in  his  paper 
(p.  21),  that  my  manures  smelt  of  ammonia,  and  hence  contained  an  ammonia- 
salt  ;  but  he  imfdied  that  this  mi^ht  be  a  little  artifice,  in  order  to  give  to  my 
manures  an  efficacy  which,  accordmg  to  his  interpretation  of  my  theory,  they 
should  not  possess. — [lYanslation.] 

The  following  quotations,  taken  from  several  of  Baron  Liebig's  works,  will 
show  whether  he  has  not  been  accustomed  to  use  the  terms  *^  mineral "  or 
*<  inorganic  "  to  designate  the  incombustible  or  ash-constituents,  and  to  distinguish 
these  from  "  ammonia,**  ^  ammoniacal  salts,"  "  atmospheric  constituents,  &c. 
The  italicising  is  our  own : — 

**  The  mineral  constituents  act,  as  is  shown  by  the  produce  of  the  nnmamired 
land,  without  any  artificial  supply  of  ammonia" 

<*  The  ammonia  increases  the  produce  onlj  if  the  mtneroZ  constituents  be  present 
in  the  soil  in  due  quantity,  and  in  an  available  form. 

*<  Ammonia  is  without  effect  if  the  mLneral  constituents  are  wantin^f.    Conse 
quently,  the  action  of  ammonia  is  limited  to  the  acceleration  of  the  action  of  tiie 
mineral  constituents  in  a  given  time." — Prindpie9,  pp.  86-7  (1855). 

'* the  other  is  the  action  of  vMbaJte  of  ammonia  as  a  solvent  for 

certain  important  rnxneral  constituents  of  the  soil." — lb.,  p.  99  (1855). 

'*  Ammonia,  when  used  as  a  manure  alone,  and  when  there  is  a  want  of  minand 
constituents  in  the  soil,  is  like  the  spirits  which  the  labourer  takes  in  order  to 
increase  his  available  labour,  power,  or  imagination ;  and,  like  that  stimulant,  its 
action,  in  this  case,  is  followed  by  a  corresponding  eidiaustion." — lb.,  p.  106  (1855). 

"  Hence  it  is  quite  certain  that  in  our  flel<&  the  amount  of  nitrogen  in  the 
crops  is  not  at  all  in  proportion  to  the  quantity  supplied  in  the  manure,  and  that 
the  soil  cannot  bo  exhausted  by  the  exportation  oi  products  containing  nUrogtH 
(unless  these  products  contain  at  the  same  time  a  large  amount  of  tmheroi  ingre- 
aients),  because  the  nUrogen  of  vegetation  is  furnished  by  the  atmosphere,  and  not 
by  the  soil,  ilence  also  we  cannot  augment  the  fertility  of  our  fields,  or  their 
powers  of  nroduction,  by  supplying  them  with  manures  rich  in  niirogenf  or  with 
ammonia  saUs  alone.  The  crops  on  a  field  diminish  or  increase  in  exact  proportion 
to  the  diminution  or  increase  of  the  mineral  whstanees  conveyed  to  it  in  manure.*' 
--4th  Edition,  p.  210  (1847  ?). 

*'  But,  at  the  same'timci  it  is  of  great  importance  for  agriculture  to  know  with 
ceitainty  that  the  supply  of  ammonia  is  unnecessary  for  most  of  Our  cultivated 
plants,  and  that  it  may  be  even  superfluous,  if  only  the  soil  contain  a  sufficient 
supply  of  the  mineral  food  of  plants,  when  the  ammonia  required  for  their  develop- 
ment will  be  furnished  by  the  atmosphere."— 4th  Edition,  ^.212  (218). 

''  A  fertile  soil  must  contain  in  sufficient  quantity,  and  in  a  form  adapted  for 
assimilation,  all  the  inorgania  materials  indispensable  for  the  growth  of  plants. 

"  A  field  artificially  prepared  for  culture  contains  a  certain  amount  of  Iheee 
ingredients,  and  aha  of  ammoniaedl  eoike  and  decaying  vegetable  matter.** — 
4th  Edition,  p.  169. 

The  meaning  of  these  sentences  in  my  work  is  this :  '  that  ainmontdoal  saltt 
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the  influence  of  the  difiisrent  manures ;  and  those  given  farther 
on  relating  to  the  chemical  composition  of  the  hay,  and  to  the 
amount  of  constituents  removed. from  the  land,  will  lead  to  the 
conclusion  that  some  of  the  manures  have  so  forced  the  crop  as 
materially  to  reduce  the  available  store  within  the  soil  of  some 
constituents  which  the  manures  themselves  did  not  supply.  On 
the  other  hand,  even  with  14  tons  of  farmyard  manure  per  acre 
per  annum,  doubtless  supplying  annually  much  more  of  every 
mineral  constituent  than  would  be  removed  in  the  crop,  the  rate 
of  increase  is  very  little  higher  during  the  last  four  tlum  during 
the  whole  seven  years  of  the  experiments. 

With  ammoniac-salts  alone  (Plot  4)  there  has  been  an  average 

increase  over  the  seven  years  of  about  8  cwts.,  and  with  ammonia 

salts  and  sawdust  (Plot  5)  of  about  9  cwts.  of  hay  per  acre  per 

annum ;  but  over  the  last  four  years,  of  only  about  5J  cwts.  with 

ammonia  salts  alone,  and  about  7|>  cwts.  with  the  sawdust  in 

addition.     It  is  obvious,  therefore,  that,  when  ammonia   salts 

were  used  year  after  year  without  mineral  manure,  there  was  an 

undue  exhaustion  of  the  mineral  constituents  of  the  soil.     That 

this  was  so  is  confirmed,  not  only  by  the  fact  of  the  deteriorated 

character  of  the  herbage,  as  shown  by  the  results  of  the  botanical 

erami nations  recorded  in  the  last  Number  of  the  Journal,  but 

also  by  the  evidence  relating  to  the  chemical  composition  of  the 

produce. 


alooe*  haye  no  effect;  that,  in  order  to  be  efBosoioos,  they  nratt  be  acoompanied 
hj  the  imiieral  ooMtUbienJUf  and  that  the  effect  is  then  proportional  to  the  supply 
— ^nat  of  ammofiMi^  bat  of  the  ndnerdl  sabstances,'* — Prindfies,  p.  55  (1855). 

'^  These  two  paragraphs  are  altogether  irreconcilable ;  for  if  Mr.  Lawcs  admit 
that  the  mlnerar constituents  are  indispensable  to  plants,  how  can  he  maintun  that 
tiieae  veir  mineral  constituents  are  replaceable  by  ammtmki,  that  is  to  say,  that  by 
means  of  ammonia  we  can  altogether  dispense  with  them  ?  " — Princ^ies,  p.  89 
(1855). 

'*  It  has  been  mentioned  in  the  preceding  nart  of  the  chapter,  that  animal  ezcre* 
ments  may  be  replaced  in  agriculture,  by  otner  materials  containing  their  consti- 
tnents.  Now,  as  the  principal  action  of  the  former  depends  upon  their  amount  of 
Mineral  food  so  necessary  for  the  growth  of  cultiTated  plants,  it  follows,  that  we 
might  manure  with  the  mineral  rood  of  wild  plants,  or,  in  other  words,  with 
THEIR  ABBsa  [the  capitals  are  Baron  Liebig's  own];  for,  uese  plants  are  governed 
by  the  same  laws,  in  their  nutrition  and  growth,  as  cultiTated  plants  themselves." 
~-3rd  Edition,  p.  183  (1843). 

*'  Bot  the  weight  or  amount  of  the  crops  is  in  pnoportion  to  the  quantity  of  food 
of  both  kinds,  atnwtpheric  and  mineral^  wnich  is  present  in  the  soil,  or  conyeyed  to 
it  in  the  same  time.  By  manuring  with  ammomaeal  adUs  a  soil  rich  in  available 
mineral  constituents,  the  crops  are  augmented  in  the  same  way  as  they  would  have 
been  if  we  had  increased  uie  proportion  of  amanonia  in  the  air.'^-^PrfnctplM, 
p.  77-8  (1855). 

These  sentences  will  be  sufficient  to  show  whether  or  not  Liebig  is  justified  in 
now  attempting  to  fall  back,  in  agricultural  discussions,  npNon  the  more  strictly 
scientific  meaning  of  the  terms  **  mineral  **  and  "  inorganic,**  so  as  to  include 
within  them  **  ammonia,**  "  ammoniacal  salts,"  *'  atmospheric  constituents,*'  &c., 
snd  thus  to  give  a  new  definition  to  his  minend  theory,  or  rather  substitute  at  thfs 
date  tK  his  own  theory,  whidi  has  proved  to  be  erroneous,  another  not  his  own. 
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The  experiments  with  nitrate  of  soda  (Plots  6  and  7)  were 
commenced  two  years  later  than  those  with  the  other  manures,  so 
that  we  have  the  results  of  only  five  instead  of  seven  years  to  record. 
Unlike  those  with  ammonia-salts  alone,  however,  we  have,  so  far, 
indication  rather  of  progressive  increase  than  decrease  of  annual 
effect.     There  is  also,  as  yet,  rather  more  of  produce  and  increase 
from  a  given  amount  of  nitrogen  applied  in  the  form  of  nitrate 
of  soda  (Plot  7),  than  from  an  equal  amount  in  the  form  of 
ammonia  salts  (Plot  4).     The  description  of  plants  developed 
was,  moreover,  very  different  in  the  two  cases.     These  results 
may  be  partly  due  to  the  fact  that  the  soil  having  less  power  to 
absorb  and  retain  the  nitric  acid  of  the  nitrate  than  the  ammonia  of 
the  ammonia-salts,  the  former  would  probably  be  more  rapidly 
diffused  in  the  soil,  and  hence  minister  to  the  wants  of  plants 
whose  roots  take  a  wider  range  than  those  of  the  plants  most 
benefited  by  ammonia  salts. 

The  experiments  with  superphosphate  of  lime  alone  (Plot  3a), 
and  with  superphosphate  of  lime  and  ammoniac-salts  (Plot  Sb)j 
were  commenced  three  years  later  than  most  of  the  others,  so  that 
the  results  recorded  refer  to  the  produce  of  four  years  only. 

The  average  annual  increase  with  the  superphosphate  of  lime 
alone  was  little  more  than  2  cwts.  of  hay  per  acre  ;  and  the  produce 
has  fluctuated,  from  year  to  year,  mudi  in  the  same  degree  as 
that  without  manure,  excepting  that  in  the  fourth  season  (1862) 
the  produce  scarcely  exceeded  the  average  without  manure. 

The  addition  of  ammonia*salts  to  superphosphate  of  lime, 
raised  the  average  annual  produce  from  28^  cwts.  to  43j^  cwts., 
and  the  average  annual  increase  beyond  the  produce  without 
manure  from  a  little  more  than  2  cwts.  to  nearly  17}  cwts. 

When  to  superphosphate  of  lime,  salts  of  potass,  soda,  and 
magnesia  were  added  (Plot  8),  the  average  annual  produce  w^ 
raised  from  28^  cwts.  to  36^  cwts.  of  hay  per  acre ;  but  the  in- 
crease under  these  circumstances  consisted  almost  wholly,  if  not 
exclusively,  of  Leguminous  plants — clovers,  meadow  vetchling, 
and  bird's-foot  trefoil.  Both  the  average  produce  and  average  in- 
crease were  rather  higher  during  the  last  four  years  than  over  the 
whole  seven  years  of  the  experiments,  and  there  is  as  yet  no  sign  of 
diminution.  In  fact,  this  ^' mixed  mineral  manure  "supplied 
annually  more  of  all  the  mineral  constituents  otherwise  most 
likely  to  be  exhausted  than  would  be  taken  off  in  the  increased 
produce  of  Leguminous  plants. 

The  addition  of  sawdust  to  the  mixed  mineral  manure  (Plot  9) 
scarcely  added  at  all  to  the  produce.  It  should  be  observed,  in 
regard  to  the  manuring  of  ^s  plot,  that  in  1862  the  potassHsalt 
was  omitted,  and  a  larger  quantity  of  soda-salt  substituted,  and 
the  result  was  (as  shown  in  the  last  Number  of  the  R.  A.  Journal) 
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a  notable  elimination  in  the  proportion  of  Leguminous  herbage, 
though  the  total  yield  of  haj  per  acre  was  not  diminished. 

Tlie  addition  of  400  lbs.  of  ammonia-salts  (equal  parts  sulphate 
and  muriate)  to  the  mixed  mineral  manure  of  Plot  8  (Plot  10) 
increased  the  average  annual  produce  over  the  last  four  years 
from  36^  cwts.  to  53f  cwts.  of  hay,  that  is,  by  about  18^  cwts; 
and  the  average  annual  increase  obtained  by  this  mixture,  above 
the  produce  without  manure,  was  nearly  28f  cwts.  over  the  last 
four,  and  rather  more  than  31-^  cwts.  over  the  whole  seven  years. 
There  is,  therefore,  when  this  large  amount  of  ammonia»salt  is 
used  in  conjunction  with  the  mixed  mineral  manure,  an  indica- 
tion of  a  slight  falling  off  in  the  annual  yield.  In  reference  to 
this  point  it  should  be  particularly  borne  in  mind,  that  whilst 
the  produce  by  the  mixed  mineral  manure  alone  contained  Legu- 
minous herbage  in  amount  equal  to  nearly  one-fourth  of  its 
total  weight,  that  grown  by  the  mixed  mineral  manure  and 
ammonia-salts  contained  scarcely  a  trace  of  such  herbage.  The 
produce  in  the  latter  case  consisted  (with  the  exception  of  a  few 
luxuriant  weeds),  almost  entirely  of  Graminaceous  plants,  or 
grasses,  properly  so  called,  whidh  require  a  large  amount  of 
silica  for  their  development ;  and  as  the  manure  employed  con- 
tained none,  the  large  amount  of  increase  must  have  caused  a 
ooosiderable  drain  of  the  available  silica  of  the  soil,  the  limita- 
tion of  the  supply  of  which  probably  set  a  limit  to  the  amount 
of  increase  obtained  by  this  otherwise  heavy  manuring. 

The  addition  of  2000  lbs.  of  sawdust  per  acre  per  annum  to 
the  mixed  mineral  manure  and  ammonia-salts  (Plot  11)  very 
little  affected  either  the  amount  or  the  character  of  the  produce, 
which  was,  however,  rather  less  than  without  the  sawdust  On 
this  Plot  11,  as  on  Plot  9,  the  potass-salt  was  omitted  firom  the 
manure  in  1862,  but  the  amount  of  soda-salt  increased,  and 
about  2  cwts.  less  hay  were  obtained  than  on  Plot  10  with  the 
potass  and  without  the  saw4ust  This  difiference  is,  however,  but 
small ;  and  although  (not  having  at  present  at  command  either 
the  ^balytical  details  relating  to  the  first  crop,  or  the  results 
relating  to  the  after-grass)  we  do  not  record  the  amounts  of  the 
first  crop  of  the  present  season  (1863),  it  may  be  mentioned  in 
passing  that  Plot  11,  without  potass,  has  this  year  given  a  some- 
what larger  amount  of  Graminaceous  hay  than  Plot  10  with  it. 

The  general  result  in  regard  to  the  effects  of  these  mixtures 
of  mineral  constituents  and  ammonia-salts  (Plots  10  and  11)  is, 
that,  by  their  means,  we  have  obtained  for  seven  or  eight  years 
consecutively,  an  average  produce  of  about  2f  tons  of  hay  per 
acre,  and  an  average  increase  of  about  1^  ton. 

Adding  to  the  same  mixture  of  mineral  constituents  and 
ammoniarsalts  2000  lbs.  of  cut  wheat-straw  annually,  scarcely 
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increased  the  average  produce  of  hay,  notwithstanding  that 
the  straw  was  ;calculated  to  furnish,  bj  gradual  decompo- 
sition, besides  other  mineral  constituents,  the  silicates  in 
which  the  artificial  mixture  was  deficient,  and  to  contribute  a 
supply  of  carbonic  acid  for  the  solution  of  the  mineral  consti- 
tuents of  the  soil,  and  a  small  amount  of  available  nitrogen  also. 
The  after-grass  has,  however,  generally  been  slightly  more 
luxuriant;  and,  as  shown  in  the  last  number  of  the  Journal, 
the  description  of  herbage  developed  was  somewhat  different^ 
and,  perhaps,  rather  superior. 

On  Plot  13  (divided  in  1862  into  13a  and  13ft),  in  addition 
to  the  mixed  mineral  manure,  there  was  applied  a  double  or 
very  excessive  amount  of  ammonia-salts  (800  lbs.)  in  the  first, 
second,  third,  and  seventh  years  of  the  experiments,  but  only 
400  lbs.  in  each  of  the  three  intermediate  years,  1859,  1860, 
and  1861.  The  result  of  this  v^  heavy  dressing  was  an 
average  over  the  seven  years  of  above  3  tons  of  hay  per  acre 
per  annum.  It  was  somewhat  less  during  the  last  four  years, 
in  three  of  which  the  single  amount  only  of  ammonia-salts  was 
used ;  but  in  1862  (and  in  the  present  year  also)  the  produce 
was  again  increased  with  the  increased  supply  of  ammonia-^ts, 
though  by  no  means  in  proportion  to  that  increased  supply.  As 
shown  in  the  last  number  of  the  Journal,  the  heavy  crops  grown 
on  this  plot  contained  not  a  trace  of  Leguminous  plants ;  but, 
with  the  exception  of  a  few  very  luxuriant  weeds,  they  consisted 
almost  entirely  of  comparatively  few  species  of  very  free-growing 
grasses,  in  an  over-luxuriant  and  very  stemmy  condition. 

As  just  alluded  to,  in  1862,  that  is,  after  the  experiments  had 
been  continued  for  six  seasons,  this  Plot  13  was  divided  into 
two  equal  portions ;  and  to  one  of  these  (13ft)  200  lbs.  of  a  silicate 
of  soda,  and  200  lbs.  of  a  silicate  of  lime,  were  applied  per  acre, 
in  addition  to  the  manures  of  Plot  13a.  This  led  to  scarcely 
any  appreciable  increase  in  the  first  year  of  the  application,  but 
the  results  of  the  present  or  second  season  show  an  increased 
produce  of  about  6  cwts.  of  hay  per  acre  where  the  siltcates 
were  used ;  and  it  was  obvious  to  the  eye  that  some  of  the 
grasses  were  more  luxuriant.  It  remains  to  be  seen  what  will 
be  the  effects  of  this  addition  in  future  years.  There  is  no  doubt 
that  the  heavy  dressing  of  13a,  without  silicates,  forcing,  as  it 
does  to  such  a  degree,  the  luxuriant  growth  of  Graminaceous 
plants,  which  require  more  silica  than  herbage  of  any  other 
description,  must  tax  very  severely  thie  store  of  available 
silicates  within  the  soil.  Additional  evidence  will  be  g^ven 
on  the  point  further  on ;  but  it  may  be  here  remarked  in 
passing,  that  the  forcing  of  very  heavy  crops  of  hay'  by  the 
use  of  artificial  manures  alone  is  by  no  means  recommended. 
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It  would  be  far  too  ezpensire  to  supply  in  this  way  all  the 
constituents  that  are  requisite  for  the  production  of  such 
crops  without  undue  exhaustion  of  the  soil,  or  deterioration 
in  the  character  of  the  herbage.  Artificial  manures  can, 
as  a  rule,  only  be  used  with  advantage  and  economy  for  the 
hay  crop,  when  the  land  receives  periodically  a  dressing  of 
stable  or  fannvard  manure.  Such  manure  restores  the  mineral 
constituents  taken  from  the  land  in  the  crop  more  completely, 
and  some  of  them  more  economically,  than  any  other ;  it  at  the 
same  time  supplies  a  large  amount  of  available  nitrogen,  and  of 
organic  matter  yielding  by  its  decomposition  carbonic  acid,  and 
is  calculated  to  favour  a  more  complex  and  generally  a  superior 
description  of  herbage. 

Plot  14  received  tihe  same  description  and  amount  of  mineral 
manure  as  Plots  8,  10,  12,  and  13a,  and,  in  addition,  nitrate  of 
soda  containing  about  half  the  amount  of  nitrogen  supplied  in  the 
ammoniarsalts  of  Plot  10;  and  Plot  15,  with  the  same  mineral 
manure,  had,  in  addition,  double  the  amount  of  nitrate — ^that  is, 
about  the  same  amount  of  nitrogen  as  that  in  the  ammonia-salts 
of  Plot  10.  These  experiments,  like  those  with  nitrate  of  soda 
alone,  were  commenced  only  in  1858,  two  years  later  than  most  of 
the  series.  The  figures  show  an  average  over  the  five  years  of 
44  cwts.  of  hay  per  acre  per  annum  with  the  smaller  amount 
of  nitrate,  and  the  mineral  manure,  and  of  51^  cwts.  with  the 
larger  amount,  against  56f  cwts.  with  the  same  mineral  manure, 
and  ammonia-salts  equal  in  nitrogen  to  this  larger  amount  of 
nitrate. 

Ammoniarsalts,  in  conjunction  with  the  mixed  mineral  manure, 
have,  therefore,  g^ven  a  larger  amount  of  produce  than  an  equal 
amount  of  nitrogen  in  the  form  of  nitrate  of  soda.  The  descrip- 
tion of  herbage  developed  was,  however,  strikingly  different  in 
'  the  two  cases,  and  very  different  also  wiih  the  smaller  and  the 
larger  amounts  of  nitrate,  as  will  be  found  by  reference  to  the 
last  number  of  the  Journal.  It  should  be  added,  that  there  is  as 
yet  no  evidence  of  diminution  of  produce  from  year  to  year  where 
the  nitrate  (either  in  the  larger  or  the  smaller  quantity)  was  used 
in  conjunction  with  the  mixed  mineral  manure. 

The  plots  manured  with  farmyard  manure  remain  to  be  con- 
sidered. The  amount  annually  supplied  (14  tons)  would  contain 
more  of  every  mineral  constituent,  and  considerably  more  nitrogen, 
than  the  produce  obtained  by  its  use,  besides  a  large  quantity  of 
organic  matter  yielding  by  its  decomposition  carbonic  acid  and 
other  products.  When  the  farmyard  manure  was  used  without 
the  addition  of  ammonia-salts,  the  average  annual  produce 
amounted  to  only  about  42^  cwts.  of  hay,  or  to  less  than  1  ton 
above  that  without  manure,  and  to  considerably  less  than  was 
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obtained  by  the  most  active  artificial  manures.  The  descrip- 
tion of  herbage  was^  however,  very  different — ^that  grown  by 
the  farmyard  manure  being  very  much  more  complex  and,  upon 
the  whole,  superior  in  quality  to  that  grown  by  the  very  active 
artificial  Manures. 

The  addition  of  200  lbs.  of  ammonia-salts  to  the  comprehen- 
sive, but  not  very  rapidly  active,  farmyard  manure  increased  the 
average  annual  produce  by  only  about  6  cwts.  of  hay;  still, 
therefore,  giving  a  produce  considerably  less  than  that  obtained 
by  the  most  active  artificial  manures.  Nor  did  the  addition  of 
ammonia-salts  improve  the  character  of  the  herbage,  which  was 
more  Graminaceous,  consisted  in  larger  proportion  of  compara- 
tively few  species,  and  was  much  more  stemmy,  than  when  the 
farmyard  manure  was  used  alone.  The  number,  and  proportion 
in  the  produce,  of  miscellaneous  or  weedy  plants  was,  however, 
considerably  reduced  under  the  influence  of  the  ammonia-salts. 

Reviewing  the  results  of  the  whole  series,  it  is  observed  that 
the  average  produce  without  manure  is  slightly  higher  over  the 
last  four  than  over  the  whole  seven  years  of  the  experiments ; 
indicating,  therefore,  that  the  conjoint  resources  of  soil  and 
season  were  at  least  equal,  if  not  more  favourable,  during  the 
later  years.  A  similar  result  is  observed  in  the  case  of  the  farm- 
yard manure  plot,  and  of  the  plots  where  there  was  a  liberal 
supply  of  mineral  constituents  without  ammonia  in  the  artificial 
manures ;  but  where  ammonia-salts  were  used  in  large  quantity, 
either  alone  or  in  conjunction  with  the  mineral  manures,  there 
was  a  tendency  to  a  rather  diminished  rate  of  increase  as 
the  experiments  proceed.  The  indication,  so  far  as  the  gross 
amount  of  hay  obtained  is  concerned,  is,  however,  as  yet  but 
slight ;  and  in  the  present  season  (1863)  the  produce  on  Plot  13a, 
where  the  very  excessive  amount  of  ammonia-salts  was  used, 
and  where  the  mineral  manure  contained  no  silicates,  is  heavier 
than  in  any  previous  season.  The  chief  indication  of  exhaustion 
of  certain  constituents,  or  of  deterioration  of  the  produce,  is 
afforded  by  a  consideration  of  the  description  and  composition 
of  the  herbage  developed.  Where  nitrate  of  soda  is  used,  whedier 
alone  or  in  conjunction  with  the  mixed  mineral  manure,  there 
is  as  yet  no  evidence  of  progressive  falling  off  in  the  annual 
yield. 

Produce  of  After-Grass. 

Table  II.  (p.  30)  shows  the  amounts  of  hay  per  acre  to  which 
the  after-grass  of  each  of  the  last  four  seasons  is  estimated  to  be 
equivalent,  and  also  the  annual  average  over  the  four  and  over  the 
seven  years  of  the  experiments.  As  already  mentioned,  the  after- 
grass was  always  consumed  by  sheep  (once  or  twice,  as  might  be 
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required),  so  that  the  estimation  of  the  quantity  of  hay  to  which  it 
corresponded  is  necessarily  a  matter  of  calculation  merely.  The 
plan  adopted  was — to  fold  sheep  on  each  plol,  the  number  depend- 
ing upon  the  amount  of  grass ;  to  move  the  hurdles  day  by  day  as 
required  ;  to  note  the  time  taken  to  consume  the  produce ;  and 
tfaoDi  to  estimate,  approximately,  the  amount  of  hay  to  which  the 
consumed  grass  was  equivalent,  on  the  assumption  that  each 
sheep  would,  on  the  average,  consume  grass  equal  to  16  lbs.  of 
hay  per  head  per  week.  Such  an  estimate,  though  only  approxi- 
mative, still  affords  a  very  useful  indication  of  the  relative,  if  not 
the  actual,  amounts  of  after-grass  of  the  respective  plots.  In 
1860  and  1862  it  was  so  eaten  off  twice,  but  in  each  of  the  other 
years  only  once. 

It  will  be  obvious  that,  as  the  animals  would  return  to  the 
land  by  far  the  larger  proportion  of  both  the  mineral  constituents 
and  the  nitrogen  of  the  produce,  to  serve  as  manure  for  the  first 
crop  of  the  succeeding  season,  and  so  on  each  year,  the  amounts 
of  hay  estimated  as  above  described  cannot  be  added  to  the 
actual  amounts  of  the  first  crop,  and  the  sum  reckoned  as  the 
annual  yield  on  the  respective  plots.  The  latter  would,  however, 
it  is  true,  be  somewhat  higher  than  the  amount  of  first  crop  hay 
alone. 

Judging  from  the  relative  amounts  of  first-crop  hay  where 
the  mineral  constituents  would  probably  be  in  relatively  large 
amount  (without  manure,  with  purely  mineral  manure,  or  with 
farmyard  manure,  for  example),  and  where,  therefore,  the  produce 
would  be  the  more  directly  limited  by  the  conditions  of  season, 
it  would  be  concluded  that  these  were  the  least  favourable  in  1859, 
more  so  in  1860,  and  still  more  favourable,  and  about  equally  so, 
in  1861  and  1862.  Judging,  in  the  same  way,  from  the  esti- 
mated amounts  of  hay  corresponding  to  the  after-grass,  it  would 
appear  that  the  period  of  its  growth  was  the  most  favourable  in 
1860,  and  nearly  equally  so  in  1862  (these  being  the  two  years 
in  which  the  produce  was  eaten  off  twice),  that  it  was  somewhat 
less  favourable  in  1861,  and  less  so  still  in  1859.  But  it  is 
obvious  that  the  influence  of  accumulation,  or  of  non-exhaustion 
of  previous  manuring,  as  well  as  that  of  season,  has  to  be  taken 
into  account  as  affecting  die  produce  in  one  year  compared  with 
another.  The  less  the  exhaustion  of  the  more  active  manurial 
constituents  by  the  growth  of  the  first  crop,  the  gpreater  will  be 
the  accumulation  for  the  after-growth,  though  their  activity  will 
gready  depend  on  the  climatic  conditions.  And,  again,  varia- 
tions in  the  amount  of  after-grass  will  affect  the  amount  of 
manure  left  by  the  animals  on  the  surface  of  the  land,  to  be 
washed  in  and  serve  for  the  first  crop  of  the  succeeding  year ; 
though  it  will  be  obvious  that  any  effects  of  such  variation  will 
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be  due  to  tlie  condition   and  distribution  of  th^   constituents 
Father  than  to  any  actual  loss  or  gain  of  them. 

The  produce  of  after-grass  was,  upon  the  whole,  the  largest 
in  1860,  when  it  was  eaten  off  twice — ^the  first  time  early  in 
September.  In  accordance  with  this,  the  records  show  that 
in  the  months  of  July  and  August  the  maximum  tempe- 
rature was  comparatively  low,  the  minimum  temperature 
moderate,  the  mean  temperature  and  the  range  of  temperature 
both  low,  and  the  fall  of  rain  and  the  number  of  days  on  which 
it  fell  above  the  average.  In  1862,  also,  the  grass  was  fed  off 
twice,  commencing  the  first  time  soon  after  the  middle  of 
August;  and  the  characters  of  the  July  and  August  of  that 
season  more  nearly  approached  those  of  1860,  as  above  quoted, 
than  did  those  of  eidier  of  the  other  years.  In  1859  the  after- 
growth was  both  the  smallest  in  amount  and  the  latest,  the 
sheep  not  being  put  upon  the  land  at  all  until  November  14 ; 
and  coincidently  with  this  there  was  comparatively  high  tem- 
perature, and  somewhat  below  the  average  amount  and  distri- 
bution of  rain — especially  during  the  first  few  weeks  after  the 
removal  of  the  hay-crop.  In  1861  the  amounts  of  after-grass 
were  more  than  in  1859,  but  less  than  in  either  1860  or  1862, 
and  the  produce  was  eaten  off  only  once — namely,  early  in 
October.  The  characters  of  the  season  in  regard  both  to  tem- 
perature and  amount  of  rain  were  less  favourable  for  succulent 
growth  than  in  either  1860  or  1862,  and  as  to  amount  of  rain 
less  favourable  than  in  1859  also.  In  regard,  however,  to  the 
distribution  of  rain,  or  the  number  of  days  on  which  it  fell,  the 
month  of  July  (1861)  was  far  above,  and  that  of  September 
about,  the  average. 

From  these  few  observations  it  will  be  obvious  that  the  varia* 
tions  in  the  amounts  of  after-grass  in  one  year  compared  with 
another  were  very  directly  dependent  on  the  characters  of  the 
seasons;  they  were,  in  fact,  much  more  so  than  on  the 
greater  or  less  amounts  of  haj  lemored  in  the  fint  crop.  It 
is,  indeed,  remarkable  how  little  was  the  fluctuation  in  the  pro- 
duce of  first-crop  hay  from  season  to  season,  with  one.  and  the 
same  manure,  compared  with  that  of  the  after-grass.  The  cha-> 
racter  of  the  herbage  of  the  first  crop  was,  however,  remarkably 
affected  by  the  character  of  the  season  of  its  growth ;  one  and 
the  same  amount  of  produce  representing  a  very  different 
description  of  hay  in  the  different  years.  The  variation  mani- 
fested itself  not  only  in  a  difference  in  the  prevalence  of  par* 
ticular  plants,  but  more  strikingly  in  the  character  of  their 
development — the  relative  tendency  to  give  a  leafy  or  stemmy, 
base-leafed  or  stem-leafed,  early  or  late,  ripe  or  unripe  produce. 
But  the  gross  amounts  of  after-grass  varied    exceedingly   finom 


en  Permanenit  Meadato  Land.  15 

year  to  year.  In  1860  they  amounted  on  the  average  to  twice  as 
much  as  in  1859  ;  in  1861  to  considerably  less  than  Ui  1860,  but 
generally  to  at  least  1^  time  as  much  as  in  1859;  and  in  1862 
in  most  cases  to  nearly  as  much  and  in  some  to  considerably 
more  than  I860. 

Without  manure,  the  after^ass  of  1859  was  estimated  as  equal 
to  something  less  than  8  cwts.,  that  of  1860  about  19  cwts.,  that 
of  1861  nearly  14  cwts.,  and  that  of  1862  about  15^  cwts.  of  hay. 
With  farmyard  manure  the  amounts  were  scarcely  K)  cwts.  in 
1859,  more  than  21^  cwts.  in  1860,  nearly  16  cwts.  in  1861,  and 
over  21  cwts,  in  1862.  With  the  heavy  dressings  of  mixed 
mineral  manure  and  ammcmia-salts  they  ranged  from  about  11  to 
nearly  15  cwts.  in  1859,  from  over  21  to  over  22  cwts.  in  1860, 
from  about  16  to  about  18  cwts.  in  1861,  and  from  about  17  to 
about  24  cwts.  in  1862. 

Comparing  more  directly  the  efiects  of  the  different  manures 
on  the  amounts  of  after-grass,  it  is  seen  that  the  quantities  varied, 
in  1859  from  under  8'  cwts.  without  manure  to  about  14f  cwts. 
with  the  heaviest  artificial  manuring;  in  1860  from  about 
19  cwts.,  to  about  22  cwts. ;  in  1861  from  about  13|  cwts.  to 
over  18  cwts.;  and  in  1862  from  about  15j^  cwts.  to  about 
24icwts. 

The  facts  relating  to  the  after-grass  show,  then,  that  the 
amounts  varied  very  much  both  according  to  season  and 
manuring,  and  that,  when  both  were  fetvourable,  they  were  fre- 
quently equivalent  to  more  than  one  ton  of  hay.  Taking  the 
average  of  the  seven  years,  the  after-grass  without  manure  was 
estimated  as  equivalent  to  about  12^  cwts.  of  hay  per  acre  per 
annum,  and  that  with  the  heaviest  artificial  manuring  at  nearly 
19^  cwts. 

Chemical  Composition  of  the  Hay, 

In  our  former  report  on  the  composition  of  the  hay  grown  by 
the  different  manures  in  the  earlier  years  of  the  experiments 
(R.  A.  Joum.  vol.  XX.,  part  2),  we  treated  of  the  proportions  of — 
nitn^nous  substance^  fatty  matter,  woody  fibre,  other  non-nitro- 
genous vegetable  compounds,  mineral  matter  (ash),  totkl  dry 
substance,  and  water ;  and  to  that  more  complete  consideration  of 
the  subject  we  refer  the  reader.  In  treating,  on  the  present  occa- 
sion, of  the  composition  of  the  hay  grown  in  the  fourth,  fifth, 
sixth,  and  sevendi  seasons,  attention  will  be  confined  to  the  pro- 
portions of  dry  matter,  of  mineral  matter  (ash),  and  of  nitrogen  ; 
and  a  few  general  observations  on  the  circumstances  affecting  the 
composition  may  here  be  made,  thereby  rendering  the  indications 
of  the  results  themselves  the  mdre  readily  understood. 

Comparing  the  hay  of  one  season  with  that  of  another,  a  high 
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percentage  of  dry  matter  may  simply  indicate  dry  weather  at  the 
time  of  cutting  and  during  the  making  ;  or,  it  may  also  indicate 
a  relatively  high  degree  of  maturity  or  ripeness.  Comparing 
the  produce  of  one  plot  with  that  of  another  differently  manured, 
but  grown  in  the  same  season,  and  cut  and  made  under  the 
same  conditions  of  weather,  a  relatively  high  percentage  of  dry 
substance  indicates  a  comparatively  high  degree  of  ripeness  or 
maturity,  and  most  probably  a  stemmy  rather  than  a  leafy  con- 
dition of  development. 

As  the  percentage  of  mineral  matter  or  incombustible  consti- 
tuents, even  though  the  same  in  the  fresh  hay,  may  be  very 
different  in  its  dry  substance,  according  to  the  proportion  of  the 
latter,  and  as  the  percentage  in  the  dry  substance  indicates  much 
more  clearly  the  probable  condition  of  the  hay,  it  is  important 
that  it,  as  well  as  that  in  the  fresh  hay,  shovdd  be  considered. 
Other  things  being  equal,  a  high  percentage  of  mineral  matter 
in  the  dry  substance  indicates  a  leafy  rather  than  a  stemmy 
development,  and  an  immature  rather  than  a  ripe  condition. 
The  percentage  of  mineral  matter  in  the  produce  is  also  more  or 
less,  though  comparatively  slightly,  affected  by  the  liberality 
or  deficiency  of  available  mineral  constituents  within  the  soil ; 
but  as  the  tendency  of  the  development  is  very  much  affected 
by  these  circumstances,  the  effects  are,  in  part  at  least,  indirect ; 
that  is  to  say,  the  relative  supply  of  mineral  constituents,  affect- 
ing as  it  does  the  relative  development  of  leaf  and  stem,  and 
the  tendency  to  ripen,  the  percentsige  of  mineral  matter  in  the 
produce  is  in  its  turn  affected  accordingly,  as  above  referred  to. 

The  percentage  of  nitrogen  in  the  dry  substance  of  the  hay 
may  depend  on  several  different  conditions.  The  condition  of 
manuring  being  the  same,  a  high  percentage  in  the  produce  of 
one  year  compared  with  that  of  another  will  most  probably  in- 
dicate a  high  proportion  of  leaf  to  stem,  or  a  green  and  succulent 
rather  than  a  ripened  condition.  Comparing  the  produce  by  one 
manure  with  that  of  another  in  one  and  the  same  season,  the 
percentage  may  again  depend  on  various  circumstances.  Legu- 
minous plants,  and  some  weeds,  are  much  richer  in  nitrogen 
than  Graminaceous  plants  in  an  equal  condition  of  ripeness; 
leafy  matter  generally  contains  a  higher  percentage  than  stemmy  ; 
succulent  and  unripe  produce  a  higher  one  than  that  which  is 
ripe  (all  of  which  conditions  are  much  influenced  by  the  cha- 
racter of  the  manure) ;  and  further,  when  in  the  succulent  and 
unripe  condition,  as  produce  cut  for  hay  to  a  certain  extent  is, 
the  percentage  of  nitrogen  is  generally  pretty  directly  affected 
by  the  relative  available  supply  of  it  within  the  soil.  That 
is  to  say,  an  excessively  nitrogenous  manure  will — other  things 
being  equal — give  a  relatively  high  percentage  of  nitrogen  at  an 
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equal  stage  of  growth  or  mataritj ;  but  as,  within  limits,  and 
under  favourable  conditions'  of  soil  and  season,  a  moderate 
supply  of  nitrogen  favours  the  ripening  tendency,  the  crop  more 
liberally  dressed  with  nitrogenous  manure  may,  at  the  same  period 
of  time,  be  at  a  more  advanced  stage  of  growth,  and  it  might  not 
then,  as  it  otherwise  would,  show  a  higher  percentage  of  nitrogen 
in  its  dry  substance. 

Percentage  of  Dry  Matter  in  the  Hay, 

Table  III.  (p.  31)  gives,  for  each  plot,  the  per  centage  of  dry 
matter  in  the  hay  as  carted  from  the  land,  in  each  of  the  last 
four  years,  also  the  average  percentages  over  the  four,  and  the 
whole  seven  years  of  the  experiments. 

Comparing  the  produce  of  one  year  with  that' of  another,  the 
order  of  highest   percentage  of  dry  matter  was — 1859,   1861, 

1860,  and  1862  ;  and  it  may  be  observed  that  this  result  is 
quite  consistent  with  the  characters  of  the  respective  seasons 
for  some  time  before  cutting,  and  during  the  making  the  hay. 
The  percentages  of  -mineral  matter  in  the  dry  substance  will, 
however,  show,  that  there  was  a  real  difference  in  the  ripeness 
of  the  produce,  as  well  as  in  its  mere  condition  of  dryness  or 
dampness  according  to  the  weather  immediately  before  the 
cutting  and  during  the  making.     Thus,  the  produce  of  1859  and 

1861,  with  higher  percentages  of  dry  matter  than  in  that  of  1860 
or  1862,  contained  lower  average  proportions  of  mineral  matter 
in  the  dry  substance,  indicating  a  greater  degree  of  maturity. 

The  percentage  of  dry  matter  in  the  produce  varied  very 
much  less  comparing  that  grown  by  different  manures  in 
the  same  season,  than  comparing  season  with  season.  In 
fact,  when  it  is  borne  in  mind  how  many  circumstances 
affect  the  condition  of  such  complex  and  indefinitely  ripened 
produce  as  hay  according  to  the  manure  employed,  it  is  only 
what  we  should  expect,  to  find  that  the  difference  in  the  con- 
dition of  the  produce  of  two  comparable  plots  may  vary,  or 
even  be  reversed,  according  to  the  characters  of  the  season ;  for, 
not  only  will  the  proportions  of  Leguminous,  Graminaceous,  or 
other  herbage  (which  are  each  somewhat  differently  affected  in 
development  according  to  season)  be  very  different  according  to 
the  manure  employed,  but  the  prevalence  of  one  Graminaceous 
plant  over  another,  the  tendency  to  leafy  or  stemmy  growth,  and 
the  relative  condition  of  ripeness,  will  also  greatly  vary.  Thus, 
with  a  hot  and  ripening  season,  the  addition  of  nitrogenous  to 
mineral  manure  may  so  increase  the  fixation  of  carbonaceous 
substance  as  to  give  a  produce  containing  a  higher  proportion  of 
dry  substance ;  whilst  in  a  wetter  and  colder  season  the  effect 
would    probably   be   to  give  a    relatively    leafy   and   succulent 
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growth,  containing  a  lower  percentage  of  dry  matter.  Acicord- 
ingly,  the  relative  proportions  of  dry  matter  in  the  produce  of 
one  plot  compared  with  that  of  another  are  seen  to  vary  more  or 
less  from  season  to  season.  Still  the  general,  though  not  the  in- 
variable, result  is  found  to  be  that,  in  comparable  cases,  the  larger 
the  relative  supply  of  available  mineral  constituents,  the  higher 
will  be  the  percentage  of  dry  matter  in  the  produce  at  the  time 
of  cutting,  due  mainly  to  the  greater  tendency  to  ripen  under 
such  conditions.  The  columns  showing  the  average  percentage 
of  dry  matter  in  the  produce  of  each  plot  over  the  four  and  over 
the  seven  years  affi>rd  sufficient  illustration  on  this  point 

The  gfeneral  result  in  r^^d  to  the  proportion  of  dry  matter 
in  the  hay  is,  that  variation  of  season  has  very  much  more  in- 
fluence than  variation  in  manure  in  one  and  the  same  season ; 
that,  so  far  as  manures  have  an  influence,  those  which  tend 
most  to  stemmy  produce,  and  to  ripeness,  generally  give  the 
highest  proportion  of  dry  substance ;  that  a  relatively  liberal 
supply  of  mineral  manure  favours  this  tendency ;  and,  that  the 
greater  the  excess  of  nitrogenous  manure  (provided  the  supply 
of  mineral  constituents  be  not  insufiicient  for  luxuriant  growth), 
the  lower,  other  things  being  equal,  will  be  the  proportion  of 
dry  matter  in  the  produce. 

Percentage  of  Mineral  Matter  {AsK)  in  the  Hay, 

Table  IV.  (p.  32)  shows  the  percentages  of  mineral  residue 
obtained  on  burning  the  dry  substance  to  ash,  and  the  results 
approximately  represent  the  relative  proportions  of  mineral 
constituents.  The  left  division  gives  the  percentages  in  the  hay 
as  taken  from  the  laud,  and  the  right  those  in  the  dry  substance 
of  the  hay.  The  latter  of  course  give  the  best  view  of  the 
relations  of  the  mineral  to  the  other  solid  constituents  of  the 
produce. 

Comparing  season  with  season,  there  were  much  lower  propor- 
tions of  mineral  matter  in  the  dry  substance  of  the  riper  and 
drier  produce  of  1859  and  1861,  than  in  that  of  the  more 
backward  and  moister  produce  of  18(50  and  1862 ;  and,  of  the 
four  seasons,  the  produce  of  1862,  which  yielded  the  lowest  pro- 
portion of  dry  substance,  shows  generally,  but  not  invariably, 
the  highest  proportion  of  mineral  matter  in  that  dry  substance. 

Comparing  plot  with  plot,  the  percentage  of  mineral  matter 
in  the  dry  substance  of  the  hay  has  a  very  obvious  connexion 
with  the  conditions  and  characters  of  g^wtb. 

The  general  result  in  regard  to  the  proportion  of  mineral 
matter  in  the  dry  substance  of  the  hay  may  be  stated  to  be,  that 
it  was  the  higher  the  more  liberal  the  relative  supply  of  mineral 
copstituents  in  the  manure,  the  less  Graminaceous,  or  the  less 
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ripe  the  produce,  and  tliat  it  was  lower  in  the  opposite  conditions. 
Combinations  of  these  sereral  condi^ons  (the  two  latter  of  which 
aie  each  much  influenced  both  by  season  and  manure)  determine 
the  actual  character  of  the  produce  in  regard  to  the  point  in 
question. 

Percentages  of  Nitrogen  in  the  Hay. 

Table  V.  (p.  33)  shows  the  percentages  of  nitrogen  in  the 
]Xoduc»  of  each  plot  in  each  of  the  four  jears  under  considera* 
tion,  also  the  average  over  the  four  years,  and  the  average  over 
the  seven  years  ;  the  left  hand  columns  give  the  proportions  in 
the  hay  as  taken  from  the  land,  and  the  right  hand  ones  those 
in  the  dry  substance  of  the  hay. 

It  has  been  filready  stated — ^that  Leguminous 'produce,  in  an 
equal  condition  of  ripeness,  gives  a  higher  percentage  of  nitrogen 
tluui  Graminaceous  produce ;  that,  other  things  being  equal,  the 
more  leafy  or  more  unripe  the  crop,  the  higher  will  he  the  per- 
centage of  nitrogen  in  the  dry  substance ;  and  that,  in  succulent 
and  unripe  produce  more  especially,  the  proportion  may  be 
much  increased  by  a  liberal  or  an  excessive  supply  of  nitrogen 
in  manure.  Keeping  in  view  these  few  facts,  the  variations 
exhibited  in  the  Table  become  intelligible  ;  and  it  will  be 
observed  that  they  are  less  directly  traceable  to  the  characters 
of  the  seasons,  and  much  more  dependent  on  variation  in  ma- 
nuring, than  ire  those  of  either  the  dry  substance  or  the  mineral 
matter. 

In  fact,  the  general  result  may  be  stated  to  be,  that  there  was 
much  less  difference  from  year  to  year  depending  upon  season, 
than  between  the  produce  of  different  plots  in  one  and  the 
same  season  depending  on  difference  in  manuring ;  that,  other 
things  being  equal,  the  more  complex  and  the  less  Grami- 
naceous the  herbage  (conditions  favoured  by  mineral  manures), 
the  more  leafy,  the  less  ripe,  and  the  more  excessive  the  nitro- 
genous manuring,  the  higher  was  the  percentage  of  nitrogen ; 
that  the  more  Graminaceous,  the  more  stemmy,  and  the  more 
ripe  (conditions  favoured  by  farmyard-manure,  and  by  artificial 
combinations  of  both  mineral  and  nitrogenous  manure),  the 
lower  was  the  percentage  of  nitrogen. 

It  was  fully  explained  in  our  former  paper  on  this  subject, 
^lat  a  percentage  of  nitrogen  in  meadow-hay  much  beyond 
that  found  in  the  produce  grown  without  manure,  or  by  farm- 
yard-manure, is  by  no  means  a  sure  indication  of  a  propor* 
tionally  increased  amount  of  matured  and  digestible  or  assimi* 
lable  nitrogenous  substance.  When  the  increased  percentage  of 
nitrogen  19  due  to  a  large  proportion  of  Leguminous  herbage,  it 
will  probably  indicate  a  large  proportion  of  nutritive  nitrogenous 
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compounds ;  but  when  it  is^  the  result  of  excessive  nitrogenous 
manuring,  die  produce  is  then  almost  exclusively  Graminaceous 
and  comparatively  immatured  ;  and,  under  such  circumstances,  a 
certain  portion  of  the  nitrogen  may  exist  in  a  low  condition  of 
elaboration,  and  a  high  proportion  may,  in  fact,  represent  a 
deficient  accumulation  of  other  matters  rather  than  a  favourable 
development  of  nutritive  nitrogenous  substance.  A  percentage 
of  nitrogen  in  meadow-hay  beyond  that  obtained  without  manure 
or  by  means  of  farmyard-manure  is,  therefore,  under  such  con- 
ditions, not  to  be  taken  as  evidence  of  higher  feeding  value. 
The  value  of  the  manure  voided  by  the  animals  feeding  on  the 
hay,  will,  however,  be  the  higher  the  higher  the  proportion  of 
nitrogen  it  contains — especially  as  it  so  happens  that  there  is 
generally  with  a  high  percentage  of  nitrogen  a  high  percentage 
of  minecal  matter  also. 

Produce  of  Constituents  per  Acre. 

m 

As  pointed  out  in  our  former  report,  particular  interest 
attaches  to  the  question  of  the  amount  of  constituents  taken  from 
an  acre  of  land  in  the  hay-crop,  because  very  frequently  the 
system  of  restoration  adopted  in  the  case  of  the  meadow-land 
pf  a  farm  is  even  less  satisfactory  than  in  that  of  the  land  under 
rotation;  hence  it  becomes  necessary  to  impress  upon  the  farmer 
how  great  is  the  exhaustion  to  which  his  meadow-land  may,  be 
subject. 

Tables  VI.,  VII.,  and  VIII.  (pp.  34,  35,  36)  show,  respectively, 
the  amounts  of  dry  substance,  of  mineral  matter,  and  of  nitrogen, 
removed  per  acre  from  each  of  the  experimental  plots,  in  each 
of  the  last  four  years  ;  also  the  average  amounts  per  annum,  both 
in  the  produce  and  in  the  increase  by  manure,  over  the  four  years, 
and  over  the  whole  seven  years  of  the  experiments. 

Over  the  seven  years,  there  has  been  removed  per  acre  annually 
from   the  unmanured   land    an    average    of    2358    lbs.    (about 

21  cwts.)  of  dry  substance,  containing  167^  lbs.  (1^  cwts.)  of 
mineral  matter,  and  nearly  40  lbs.  of  nitrogen.  This  amount 
of  dry  substance  is  somewhat  higher  than  the  average  of  the  first 
three  years  of  the  experiments ;  but  it  agrees  very  closely  with, 
though  it  somewhat  exceeds,  the  amounts  annually  taken  from 
the  land  in  wheat  or  barley  grown  year  after  year  without 
manure.  The  above  amounts  of  mineral  matter  and  nitrogen 
are,  however,  each  fully  one-half  more  than  are  removed  in 
wheat  or  barley  grown  under  such  circumstances. 

The  unmanured  produce  of  hay  would  contain  between  900 
and  1000  lbs.  of  carbon.     By  the  use  of  ammonia-salts  alone,  or 
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nitrate  of  soda  alone,  the  amount  of  carbon  annually  removed  in 
the  crop  was  increased  to  something  under  or  over  1300  lbs., 
and  bj  means  of  the  mixed  mineral  manure  alone  to  about  the 
same  amount ;  but  by  the  mixtures  of  both  ammonia-salts  and 
mineral  manure  it  was  increased  to  over  2000  lbs.  per  acre — that 
is,  without  any  supply  of  carbon  in  the  manure.  The  addition 
to  the  latter  manures  of  2000  lbs.  of  sawdust,  or  2000  lbs.  of  cut 
wheat-straw,  each  containing  in  round  numbers  about  700  lbs.  of 
carbon,  gave  no  increased  yield  of  it  in  the  produce.  Nor  did 
iisurmyard-manure,  in  amount  containing  at  least  twice  as  much 
carbon  as  the  crop  yielded  by  its  use,  give  a  produce  containing 
more  than  about  three-fourths  as  much  as  the  mixtures  of 
mineral  manure  and  ammonia-salts  which  supplied  none.  It 
may  be  concluded,  therefore,  that,  even  admitting  that  the  car^ 
bonaceous  manures  did  supply  carbon  to  the  growing  plants,  the 
supply  from  that  source  was  at  any  rate  unnecessary,  provided 
only  that  mineral  or  incombustible  constituents,  and  nitrogenous 
manures  were  liberally  supplied. 

As  mentioned  above,  the  average  amount  of  mineral  or  in- 
combustible constituents  taken  from  the  land  without  manure 
was,  over  the  seven  years,  167 J  lbs.,  or  about  IJ  cwts.  per  acre 
per  annum.  The  amount  removed  in  the  crop  grown  by  means 
of  ammonia-salts  alone  was  increased  to  something  under,  and 
that  by  nitrate  of  soda  alone  to  something  over,  2  cwts. ;  there 
being,  therefore,  by  such  manuring,  a  further  drain  upon  the 
resources  of  the  soil. 

By  means  of  the  mixed  jnineral  manure  alone,  the  amount  of 
incombustible  constituents  taken  away  in  the  crop  was  raised  to 
about  2^  cwts. ;  but  the  manure  itself  supplied  more  of  almost 
every  such  constituent,  except  silica,  than  the  entire  produce 
would  contain  ;  so  that,  excepting  in  the  item  of  available  silica, 
the  soil  was,  compared  with  the  unmanured  land,  annually  accu- 
mulating most  of  the  important  mineral  constituents.  By  the 
addition  of  ammonia-salts  to  the  mixed  mineral  manure,  the 
amount  of  mineral  constituents  taken  from  the  land  was  raised 
from  about  2^  to  nearly  3|  cwts.  when  the  smaller  amount 
(Plot  9),  and  to  nearly  4  cwts.  when  the  larger  amount  of 
ammonia-salts  (Plot  13a)  was  employed  ;  and,  as  the  produce 
was  in  these  cases  almost  entirely  Graminaceous,  the  drain  upon 
the  available  silica  of  the  soil  would  be  very  considerable ;  though, 
here  again,  all  the  other  incombustible  constituents  were  supplied 
in  far  larger  quantity  than  they  were  taken  off  in  the  crops.  By 
the  addition  of  nitrate  of  soda  to  the  mixed  mineral  manure, 
whether  in  the  smaller  amount  (Plot  14),  or  in  the  larger  amount 
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equd  iii  nitrogen  ix^  thd  ammonia-salts  of  Plot  9  (Plot  15),  the 
quantity  of  mineral  constituents  taken  from  the  land  was  some- 
what less. 

Lastly  on  this  point :  by  means  of  an  annual  dressing  of  farm- 
yard-manure, doubtless  supplying  much  more  of  every  mineral 
constituent  than  was  contained  in  the  crop  yielded,  rather  under 
8  cwts.  of  incombustible  constituents  were  annually  taken  from 
the  land  ;  and,  when  to  the  farmyard-manure  ammonia-salts  were 
added,  the  amount  was  raised  by  only  4SJ  lbs. — that  is,  from 
d28|  to  372^  lbs.,  or  to  less  than  when  the  artificial  mixtures  of 
mineral  manure  and  ammonia-salts  were  employed. 

The  result  is,  then,  that  without  manure  the  land  yielded, 
over  seven  years,  about  1 J  cwt.  of  mineral  constituents  per  acre 
per  annum,  the  amount  increasing  rather  than  diminishing  in  the 
later  years;  that  farmyard-manure  supplying,  besides  other 
matters,  more  of  every  mineral  constituent  than  the  produce 
obtained  by  its  use,  gave  a  crop  containing  about  twice  as  much  ; 
and  that  artificial  mixtures  containing  both  mineral  constituents 
and  ammonia-salts  gave  a  still  larger  yield,  even  when  no  sili- 
cates were  supplied  in  the  manure. 

It  is  obvious,  that  when  purchased  nitrogenous  and  phosphatic 
manures,  such  as  Peruvian  guano,  or  mixtures  of  ammonia-salts 
or  nitrate  of  soda  and  superphosphate  of  lime,  are  alone  relied 
upon  for  the  increased  crop  of  hay,  the  drain  of  potass  and  avail- 
able silica  from  the  soil  must  be  very  great.  This  was  illustrated 
in  some  detail  in  our  former  report,  by  reference  to  the  analyses  of 
the  ashes  of  the  hay  grown  by  the  different  manures ;  and  con- 
firmatorv  evidence  of  the  injurious  effects  of  such  exhaustion  will 
be  found  on  comparing  the  average  annual  amounts  of  mineral 
matter  taken  from  each  plot  over  the  seven  with  that  over  the  last 
four  years.  Thus,  whilst  without  manure,  with  mixed  mineral 
manure,  and  with  farmyard-manure,  the  average  amount  of 
mineral  constituents  annually  taken  from  the  land  was  greater 
during  the  later  years  than  during  the  whole  period  of  the  experi- 
ments, it  was  (with  one  exception)  less  in  the  later  years  wherever 
large  quantities  of  ammonia-salts  were  employed.  A  similar 
result  IS  not  as  yet  observable  when  nitrate  of  soda  has  been 
used ;  but,  as  already  explained,  it  is  probable  that  some  of  the 
plants  then  developed  would  draw  their  nutriment  from  a  more 
extended  range  within  the  soil ;  and,  if  so,  a  diminution  in  the 
annual  yield  may  be  only  a  little  postponed. 

These  results  in  regard  to  the  mineral  constituents  taken  from 
the  land  in  the  hay  crop,  clearly  show  how  important  it  is  that 
due  restoration  should  be  made,  if  the  character  of  the  herbage 
and  the  amount  of  crop  are  to  be  maintained.  This  is  best 
accomplished  in  practice  by  an  occasional  dressing  of  well  rotted 
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stable  or  farmjrard-manure.  Taking  into  account  the  other  con- 
stituents at  the  same  time  thus  supplied,  silica  and  potass  are 
more  adrantaofeouslj  and  economically  provided  in  this  form 
than  in  any  other ;  and,  as  the  results  with  the  farmyard-manure 
show,  the  increase  which  a  given  quantity  annually  yields, 
removes  but  a  small  amount  of  mineral  constituents  compared 
with  that  which  it  supplies,  so  that  the  effects  extend  over  several 
years,  causing,  unless  specially  nitrogenous  manures  be  also 
applied,  an  accumulation  within,  rather  than  an  exhaustion  of 
the  soil.  When  farmyard-manure  is  so  employed,  a  further 
increase  of  crop  may,  without  detriment  to  the  land,  be  annually 
obtained  by  the  moderate  application  of  the  current  artificial 
manures  containing  nitrogen  and  phosphoric  acid;  but  to  this 
point  we  shall  recur  presently. 

Produce  of  Nitrogen  per  Acre. 

Table  VIII.  (p.  36)  shows  the  acreage  amounts  of  nitrogen 
taken  off  in  the  crop  of  each  plot,  in  each  of  the  last  four  years, 
also  the  average  annual  yield,  and  the  average  annual  increase  of 
it,  over  the  last  four,  amd  over  the  whole  seven  years.  A  compari- 
son of  the  two  columns,  giving  the  annual  average  yield,  shows 
that,  in  the  majority  of  cases,  it  was  almost  identical  over  the 
last  four,  and  the  whole  seven  years.  The  agreement  was  the 
less  close  where  the  large  amounts  of  ammonia  were  used  in 
conjunction  with  mineral  manure,  by  which  very  large  crops 
were  obtained.  It  is,  however,  only  in  the  case  of  Plot  13a, 
where  the  very  excessive  amount  of  ammonia-salts  was  applied 
in  the  first,  second,  third,  and  seventh  years,  that  the  average 
yield  of  nitrogen  is  at  all  m'aterially  reduced  during  the  last  four, 
as  compared  with  the  seven  years  (98*3  lbs.  (o  85'8  lbs.).  But, 
as  the  supply  of  nitrogen  in  the  manure  was  reduced  by  one- 
half  in  three  years  out  of  the  four,  this  is  only  what  might  be 
expected  ;  and  it  is  seen  that,  in  the  seventh  year,  when  the  larger 
amount  of  ammonia-salt  was  again  employed,  the  yield  of  nitrogen 
per  acre  in  the  crop  was  considerably  increased. 

Taking  the  average  over  the  seven  years,  the  result  is — that  the 
yield  of  nitn^en  per  acre  without  manure  was  within  a  fraction 
of  40  lbs.,  or  about  1^  time  as  much  as  has  been  annually  taken 
from  an  acre  of  unmanured  land  in  either  wheat  or  barley ;  that 
mineral  manures  alone  increased  the  yield  by  nearly  one-half,  the 
increase  being  then  due  to  the  large  amount  per  acre,  and  propor- 
tion in  the  produce,  of  the  highly  nitrogenized  Leguminous 
herbage ;  that  ammonia-salts  alone  (or  nitrate  of  soda  con- 
taining about  an  equal  amount  of  nitrogen)  increased  it  more 
than  mineral  manures  alone,  though  Leguminous  plants  were  then 
almost  excluded,  and  the  produce  was  almost  wholly  Grami- 
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naceous ;  ttnd  that  the  mixtures  of  mineral  manure  and  ammonia- 
salts  (or  nitrate  supplying  an  equal  amount  of  nitrogen),  which 
gave  a  very  much  increased,  and  also  an  almost  exclusively 
Graminaceous  produce,  gave  also  the  highest  yield  of  nitrogen 
in  the  series — even  more  than  a  mixture  of  farmyard-manure  and 
ammonia-salts,  together  supplying  much  more  nitrogen. 

The  important  question  arises — What  proportion  of  the  nitro- 
gen supplied  in  the  manure  is  recovered  as  increased  yield  of 
it  in  the  crop  ? 

Proportion  of  the  Nitrogen  supplied  in  the  Maniire  which  is 
recovered  as  increased  yield  of  it  in  the  Crop. 

In  our  former  Report,  with  the  average  results  over  only  three 
years  before  us,  we  showed  that,  under  the  most  favourable  con- 
ditions, the  increased  yield  of  nitrogen  in  th^  hay-crop  scarcely 
reached,  and  in  the  average  of  cases  fell  short  of,  50  per  cent,  of 
that  supplied  in  the*  manure.  But  it  was  admitted  that  three 
years  was  too  short  an  experience  upon  which  to  form  a  satis- 
factory estimate  on  the  point  The  calculations  have  now  been 
made  for  the  whole  seven  years  of  the  experiments. 

In  Table  IX.  (p.  37)  are  recorded  the  actual  amounts  of 
nitrogen  per  acre  (lbs.),  and  in  Table  X.  (p.  38)  the  amounts 
for  100  in  manure,  which  were  recovered  as  increased  yield  of  it, 
when  known  quantities  were  supplied,  each  being  reckoned 
both  over  the  yield  without  manure,  and  over  that  by  mi:^ed 
mineral  manure  alone ;  and,  for  comparison,  the  average  results 
over  both  the  last  four  and  the  whole  seven  years  are  g^ven. 

It  is  obvious  that,  in  a  practical  or  economical  sense,  the  only 
direct  gain  to  the  farmer  of  nitrogen  in  the  produce  by  the  use 
of  mineral  and  nit^ogenous  manures  together,  is  so  much  as  is 
over  and  above  the  amount  yielded  by  the  same  mineral  manures 
when  used  alone.  But,  for  reasons  explained  in  our  former  Re- 
port, we  deem  it,  upon  the  whole,  the  most  consistent  with  what 
we  know  of  the  facts,  to  reckon  at  least  so  much  of  the  nitrogen 
of  the  produce  grown  by  nitrogenous  manure  as  is  over  and 
above  that  yielded  without  manure, .  to  have  its  source  in  the 
nitrogen  supplied,  whether  the  nitrogenous  manure  be  employed 
alone,  or  in  conjunction  with  mineral  manure. 

Reckoned  in  this  way,  Table  X.  shows  that,  when  am- 
monia-salts were  used  alone  (Plot  4),  27*4  per  cent  only  of  the 
nitrogen  so  supplied  was  recovered  as  increased  yield  over  the 
seven  years,  and  very  nearly  the  same  proportion,  27 '1  per  cent., 
over  the  last  four  years.  With  salts  of  ammonia  and  sawdust 
(Plot  5),  reckoning  of  course  the  nitrogen  in  the  sawdust,  the 
proportion  recovered  was  rather  less,  but  again  about  equal  over 
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the  seven  and  the  last  four  years.  With  the  smaller  amount  of 
nitxate  of  soda  (Plot  6),  the  estimated  return  of  nitrogen  was 
37*7  per  cent,  and  with  the  larger  amount  (Plot  7)  only  29*9 
per  cent,  taking  the  average  of  the  five  years  of  its  use ;  but 
over  the  last  four  years  the  figures  show  rather  more  recovered 
than  when  the  first  year  is  included.  It  is  worthy  of  remark,  that 
the  proportion  recovered  with  the  larger  amount  of  nitrate 
(Plot  7),  is  higher  than  with  the  corresponding  amount  of  nitro- 
gen in  the  form  of  ammonia-salts  (Plot  4). 

With  the  same  amount  of  ammonia-salts  as  was  applied  to 
Plot  4  (400  lbs.),  and  the  mixed  mineral  manure  in  addition 
(Plot  10),  the  increased  yield  of  nitrogen  estimated  as  attribut- 
able to  that  supplied  was  46*5  per  cent,  reckoning  over  the 
seven,  but  only  43*4  per  cent  over  the  last  four  years  ;  indicating, 
therefore,  tha^  even  under  these  comparatively  favourable  con- 
ditions, the  proportion  recovered  is  diminishing  rather  than 
increasing  from  year  to  year.  It  is  to  be  borne  in  mind,  however, 
not  only  that  the  silica  so  specially  required  by  Graminaceous 
crops  was  not  supplied  in  the  mineral  manure  in  question,  but 
also  that  the  amount  of  ammonia-salts  annually  used  (400  lbs., 
containing  about  82  lbs.  nitrogen)  was  very  large.  It  is  remark- 
able, too,  that  although  when  used  alone  (Plot  4),  the  ammonia- 
salts  gave  a  less  return  of  nitrogen  than  nitrate  of  soda  containing 
an  equal  amount  of  it  (Plot  7),  yet,  when  used  in  conjunction 
with  the  mixed  mineral  manure,  the  proportion  estimated  as 
recovered  was  less  with  the  nitrate  (Plot  15)  than  with  the 
ammonia-salts  (Plot  10).  However,  when  the  smaller  amount 
of  nitrate  of  soda  was  used  with  the  mineral  manure  (Plot  14), 
the  nitrogen  estimated  as  recovered  amounted  to  about  62  per 
cent,  of  that  supplied  ;  that  is,  to  more  than  v\  any  of  the-  experi- 
ments where  the  larger  amounts  of  nitrogen  were  supplied, 
which  gave  larger,  though  not  proportionally  larger,  amounts 
of  produce. 

When  to  the  mixed  mineral  manure  and  ammonia-salts,  saw- 
dust or  cut  wheat-straw  (Plots  1]  or  12)  was  added,  and  their 
nitrogen  reckoned  in  the  supply,  the  proportions  estimated  as 
recovered  are  less  than  when  they  are  not  employed. 

Where  the  double  or  very  excessive  amount  of  ammonia-salts 
was  applied  in  the  first,  second,  third,  and  seventh  years 
(Plot  ISa),  the  proportion  of  nitrogen  recovered  was  exactly 
the  same  over  the  seven  years  (and  even  more  over  the  last 
four)  as  where  the  less  amount  of  ammonia-salts  with  the  same 
mineral  manures  was  used  (Plot  10).  The  increase  of  gross 
produce  or  hay  was,  however,  not  in  proportion  either  to  the 
increased  supply  or  increased  yield  of  nitrogen ;  the  large  yield 
of  it  being  due  to  a  very  high — perhaps  an  objectionably  high — 
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percentage  in  the  produce  in  the  yeafs  in  which  the  large  amount 
of  ammonia-salts  was  used ;  in  fact,  it  was  then  higher  than  in 
any  other  case  where  mineral  manures  were  used  in  conjunction 
with  ammonia-salts.  The  Table  records  the  results  of  only  one 
year  (1862)  in  which,  to  this  mixture  of  bOO  lbs.  of  ammonia* 
salts  and  the  ^  mixed  mineral  manure,"  silicates  (so  much  exhausted 
by  the  hay  crop)  were  added  (136),  and  the  figures  show  almost 
exactly  the  same  proportion  of  nitrogen  recovered  as  in  the  same 
year  without  the  silicates  (13a). 

Lastly,  when  ammonia-salts  were  added,  in  comparatively 
small  or  moderate  amount,  to  a  quantity  of  farmyard-manure 
itself  containing  a  very  large  amount  of  nitrogen,  the  increased 
yield  of  nitrogen  beyond  that  in  the  produce  by  farmyard-manure 
alone  amounted,  over  the  seven  years,  to  only  21*9  per  cent.,  and 
over  the  last  four  years  to  only  13*8  per  cent  of  that  supplied 
in  the  ammonia-salts.  It  may  be  further  remarked  that,  if  the 
farmyard-manure  employed  be  assumed  to  have  been  of  fair 
average  composition,  the  proportion  of  its  nitrogen  reckoned  as 
recovered  in  the  increased  yield  (beyond  that  without  manure)^ 
reaches  to  even  a  still  lower  amount 

To  sum  up  on  this  point,  the  average  results  taken  over  the 
seven  years  are,  that,  when  the  nitrogenous  manures  (ammonia- 
salts  or  nitrate)  were  used  alone  29*9,  and  when  in  conjunction 
with  the  mixed  mineral  manure  45*1  per  cent  of  the  supplied 
nitr(^en  were  reckoned  as  recovered  as  increased  yield  of  it  in 
the  crop.  In  our  former  Report,  then  taking  tlie  results  of 
three  years  only,  the  amounts  were  26*1  per  cent  without, 
and  46*6  per  cent  with  the  mineral  manure.  The  result 
over  the  more  extended  period  is,  therefore,  somewhat  higher 
without,  and  somewhat  lower  with,  the  mineral  manure.  When 
ammonia-salts  were  superadded  to  an  amount  of  farmyard- 
manure  doubtless  containing  nitrogen,  carbon,  and  every  mineral 
constituent,  in  larger  quantity  than  the  crop  it  yielded  (though  in 
comparatively  slowly  available  condition),  the  increased  yield  of 
nitrogen  due  to  the  ammonia-salts  was  then  less  than  in  any  of  the 
other  conditions  of  their  use  ;  and  it  was  considerably  less  over 
the  later  than  over  the  earlier  years.  It  may  be  remarked  that 
nitrate  of  soda  containing  the  same  amount  of  nitrogen  as  that 
in  the  ammonia-salts  added  to  the  farmyard-manure,  but  us^  in 
conjunction  with  the  mixed  mineral  manure,  was  reckoned 
to  return  nearly  three  times  as  much  of  the  supplied  nitrogen. 

Before  leaving  the  question  of  the  amount  of  nitrogen  esti- 
mated as  recovered  in  the  increase  for  a  given  amount  sup- 
plied in  manure,  it  should  be  observed  that,  inasmuch  as 
the  whole  of  the  nitrogen  of  the  after-grass  is  not  returned 
to  the  land  by  the  animals  fed  upon  it,  the  amount  will  be 
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somewhat  higher  than  that  represented  by  the  increase  in  the 
haj  crop  merely.  But  were  it  attempted  to  make  allowance  for 
this,  the  results  would  not  differ  very  widely  from  those  recorded 
in  the  Tables.  For,  not  only  would  by  far  the  larger  proportion 
of  the  nitrc^en  of  the  after-grass  be  returned  to  the  land,  but 
it  would  be  only  so  much  of  the  remainder  as  was  due  to 
increase  by  manure,  that  would  have  to  be  taken  into  the  cal- 
cnlatioo.  Nor  are  the  data  requisite  for  such  a  mode  of 
estimation  sufficiently  established  to  render  any  such  supposed 
correction  at  all  desirable.  It  is,  however,  well  to  make  this 
reservation  in  regard  to  the  figures  recorded  in  the  Tables. 

It  may  be  interesting  here  to  observe  that,  in  experiments  with 
wheat  conducted  over  six  years,  43  per  cent,  and  in  others  with 
barley,  also  over  six  years,  42'5  per  cent  of  the  nitrogen  sup- 
plied in  the  manure  was  estimated  to  be  recovered  as  increased 
yield.  Against  these  amounts  the  average  result  obtained  with 
the  meadow-hay  over  seven  years  was,  in  parallel  cases,  45*1, 
which,  raised  by  the  small  amount  due  to  the  after-grass,  as 
above  explained,  would  show  that  the  mixed  herbage  of  meadow- 
land  probably  gathers  up  within  the  season  of  application  a 
somewhat  larger  proportion  of  the  nitrogen  supplied  as  manure 
than  either  wheat  or  barley. 

In  our  former  report  we  directed  attention  to  the  probable 
explanations  of  the  real  or  apparent  loss  of  nitrogen  here  indi- 
cated ;  and  we  would  refer  the  reader  to  a  discussion  of  the 
subject  in  a  paper  "  On  the  Sources  of  the  Nitrogen  of  Vege- 
tation ;  with  special  reference  to  the  question  whether  plants 
sssimilate  free  or  uncombined  nitrogen,"  in  the  ^  Journal  of  the 
Chemical  Society  of  London,'  Ser.  2,  Vol.  1, 1863. 


Upon  the  whole,  the  evidence  goes  to  show,  that  stable  or 
iarmyard-manure  is  a  much  more  perfect  restorer  of  the  con- 
stituents removed  in  the  hay-crop  than  those  purchased  or  so-called 
artificial  manures  which,  in  a  practical  or  economical  point  of 
^ew,  can  be  advantageously  employed.  Farmyard-dung  is, 
bowever,  c<Hnparatively  slow  in  its  action.  These  characters 
point  to  the  peculiar  fitness  of  such  manure  for  meadow-land 
i&own  for  hay ;  and  it  was  shown  in  our  Report  in  the  last 
nomber  of  the  Journal,  that  the  description  of  herbage  developed 
pj  it  was  much  more  complex,  and  upon  the  whole  superior 
^  quality,  to  that  developed  by  the  more  active  artificial  ma- 
nures. On  the  other  hand,  provided  the  restoration  of  the  potass 
^d  silica  of  the  hay-crop  be  duly  accomplished  by  means  of 
wijard-manure  occasionally  applied,  its  slowness  of  action  may 
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be  advantageously  compensated  hy  a  judicious  use  of  some  of 
the  more  active  artificial  or  purchased  manures.    . 

In  the  experiments  which  form  the  subject  of  this  paper, 
the  amount  of  farmyard-manure  annually  employed  was  14  tons 
per  acre,  which  would  doubtless  contain  very  much  more  of  every 
constituent  of  the  hay-crop  *  than  the  produce  yielded.  Under 
these  circumstances,  although  the  superaddition  of  ammonia-salts 
considerably  increased  the  crop,  they  gave  a  less  result  than  under 
any  of  the  other  conditions  of  experiment.  If  the  same  amount 
of  farmyard-manure,  or  even  less  of  well-rotted  dung,  were 
employed  once  in  four  or  five  years,  this  would  supply  sufiicient 
of  most  of  the  mineral  constituents  for  a  larger  amount  of  in- 
crease than  would  be  obtained  in  several  years  by  its  use  alone ; 
and,  under  such  circumstances,  the  additional  application  of 
moderate  quantities  of  the  more  rapidly  active  manures,  such  as 
Peruvian-guano,  or  ammonia^salts  or  nitrate  of  soda  and  super- 
phosphate of  lime,  would  not  only  serve  to  bring  into  more  rapid 
use  the  constituents  of  the  dung,  but  the  increase  of  crop  would  be 
obtained  without  injury  to  the  permanent  condition  of  the  land, 
and  with  litde  detriment  to  the  character  of  the  herbage  deve- 
loped. 

Under  some  circumstances  ammonia-salts,  and  under  ot}iers 
nitrates,  seem  to  be  the  more  active  in  proportion  to  the  nitro- 
gen they  contain.  But,  as  the  mixed  herbage  of  grass-land 
includes  plants  of  very  different  habits  of  growth,  seeking  their 
nutriment  at  very  different  ranges  within  the  soil,  and  as  the 
nitrogen  of  nitrate  of  soda  becomes  distributed  much  more 
rapidly  than  that  of  ammonia-salts,  it  is  desirable  to  employ  a 
mixture  of  these  two  manures.  By  this  means  the  growth  of 
a  greater  variety  of  plants  is  favoured,  and  very  probably  a 
greater  amount  of  increase  will  be  obtained  within  a  given  time 
for  a  given  amount  of  nitrogen  applied. 

Assuming  the  dung  to  be  employed  in  quantity  sufficient  for 
the  due  restoration  of  the  alkalies,  alkaline  earths,  and  silica,  it 
would,  of  course,  at  the  same  time  supply  a  considerable  amount 
of  phosphoric  acid  also.  But  experience  shows  that,  even  when 
this  is  done,  activity  of  growth  is  frequently  considerably  in- 
creased if  direct  phosphatic  manures  be  also  employed.  The 
phosphoric  acid  may  be  advantageously  and  economically  applied 
either  in  the  form  of  Peruvian  guano,  which  at  the  same  time 
supplies  a  large  quantity  of  ammonia  or  ammonia-yielding  matter 
and  a  little  potass  also,  or  as  superphosphate  of  lime. 
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EXPERIMENTS  ON  THE  GROWTH  OF  WHEAT. 


Ths  records  of  a  field  of  14  acres  in  which  wheat  has  been 
grown  without  manure,  and  by  different  descriptions  of  manure, 
jear  after  year  for  twenty  successive  seasons,  without  either 
fallow  or  a  fallow  crop,  and  in  which  the  lowest  produce 
was  in  the  first  year  15,  and  in  the  last  17|^  bushels,  and  the 
highest  in  the  first  year  24^,  and  in  the  last  56^  bushels,  cannot 
fail  to  be  of  much  interest  at  once  to  the  practical  farmer,  to  the 
economist,  and  to  the  man  of  science.  Accounts  there  have 
been  before,  of  the  growth  of  wheat  for  many  consecutive  years 
apparently  with  great  success,  and  without  much  evidence  of 
exhaustion,  on  soils  of  admittedly  extraordinary  fertility;  and 
the  recent  experience  of  the  Rev.  S.  Smith,  of  Lois  Weedon, 
has  shown  that,  on  his  soil  at  least,  many  wheat-crops  can  be 
taken,  under  a  system  of  alternate  crop  and  fallow,  without 
reaching,  at  any  rate  for  many  years,  the  point  of  deterioration. 
History  also  tells  us  of  lai^  tracts  of  land  on  which  the  wheat- 
crop  has  been  cultivated  year  after  year  for  many  years,  but 
which  have  eventually  succumbed  to  the  unnatural  strain  put 
upon  them.  The  records  to  be  laid  before  the  reader  in  the 
present  paper  refer  to  conditions  of  growth  like  in  some  points, 
but  essentially  different  in  most,  to  those  of  the  cases  to  which 
allusion  is  here  made. 

The  experiments  have  been  made  upon  what  may  be  called 
fair  average  wheat-land.  But,  as  the  rental  of  similar  land  in 
the  immediate  locality  ranges,  and  has  ranged  for  many  years 
past,  only  from  258.  to  30s.  per  acre,  tithe  free,  and  its  wheat- 
crop  under  the  ordinary  management  of  the  district  certainly 
does  not  average  more  than  from  25  to  27  bushels  per  acre 
once  every  five  years,  it  is  obvious  that,  in  a  practical  point 
of  view,  it  can  lay  no  claim  to  extraordinary  fertility,  or  to  be 
ranked  on  a  higher  level  than  a  large  proportion  of  the  soils  on 
which  wheat  is  grown  with  a  moderate  degree  of  success  under 
a  system  of  rotation  and  home  manuring.  Such,  in  an  agri- 
cultural or  commercial  point  of  view,  were  the  general  charac- 
ters of  the  land.  Speaking  still  in  agricultural  language,  it  may 
be  said  that  the  soil  is  a  somewhat  heavy  loam,  with  a  subsoil 
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of  raw  yellowish  red  clay,  but  resting  in  its  turn  upon  chalk, 
which  provides  good  natural  drainage. 

The  questions  arise : — What  are  the  grain-jielding  capa- 
bilities of  such  land  ? — what  its  powers  of  endurance  ? — in  what 
constituents,  or  class  of  constituents,  does  it  soonest  show  signs 
of  exhaustion  ? — and  how  far  will  the  answers  arrived  at  on  these 
points  in  reference  to  it,  accord  with,  or  be  a  guide  to,  those 
which  would  apply  to  any  large  proportion  of  the  arable  land  of 
Great  Britain  when  farmed  in  the  ordinary  way,  with  rotation  ? 

When  this  Journal  first  appeared,  now  five-and-twenty  years 
ago,  such  questions  as  these  were  hardly  thought  of,  excepting 
by  a  few  philosophers  and  economists  whose  speculations  were 
scarcely  heard  of,  and  still  less  heeded,  by  any  considerable 
number  even  of  the  most  intelligent  of  agriculturists.  Since  that 
period,  however,  matters  have  very  much  changed ;  and  the 
history  of  the  change  shows  it  to  have  been  due  to  by  no  means 
one  cause  alone.  Almost  coincidently,  or  at  any  rate  following 
very  closely  upon  one  another's  footsteps,  and  each  reacting 
upon  the  oUier,  the  increase  of  population,  commercial  freedom 
and  competition,  a  vast  increase  in  scientific  knowledge,  and 
extensive  diffusion  both  of  it  and  of  information  of  a  practical 
kind  bearing  upon  the  farmer's  art,  have  contributed  to  the 
wide-spread  spirit  of  enquiry  of  the  present  day  on  such  subjects. 

But  it  is  especially  to  the  laborious  investigations  on  agri- 
cultural chemistry  of  Boussingault,  and  to  the  generalisations  of 
Liebig  to  a  great  extent  founded  upon  them,  nearly  a  quarter 
of  a  century  ago,  that  we  must  attribute  much  of  die  stimulus 
and  direction  that  has  been  given  to  chemical  enquiries  in  con- 
nexion with  agriculture  in  recent  times. 

As  bearing  upon  the  plan  adopted  in  our  own  experiments,  it 
may  be  well  very  briefly  to  recall  attention  here,  to  the  state  of 
knowledge  and  opinion  on  some  important  points,  about  the 
time  of  their  commencement,  and  during  the  earlier  years  of 
their  progress. 

Leaving  out  of  view  the  many  important  preliminary  points 
established  by  others,  which  were  essential  as  a  starting-point 
for  Boussingault's  researches,  it  may  be  stated  that  already  before 
1840,  that  indefatigable  and  most  careful  experimenter  had  deter- 
mined, as  far  as  the  then  known  analytical  methods  permitted, 
the  amounts  of  the  most  important  constituents  of  agricultural 
produce  put  upon  the  land  in  the  manure,  and  taken  off  in  the 
crops,  through  several  courses  of  rotation.  His  more  important 
conclusions,  stated  in  a  very  few  words,  were — that  much  more 
carbon  and  nitrogen  were  removed  in  the  crops  than  were  sup- 
plied in  the  manure ;  that  the  best  rotations  were  those  which 
accumulated  the  most  of  those  constituents  from  the  atmosphere ; 
that  some  plants,   especially   Leguminosae,  accumulated   more 
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nitrogen  from  the  atmosphere  than  others,  and  not  only  con- 
tained more  in  their  removed  produce,  but  by  their  residue  left 
the  land  richer  in  nitrogen  than  it  was  before ;  and  that  the 
value  of  manure  was  to  a  great  extent  measurable  by  the  amount 
of  nitrogen  it  contained. 

In  Liebig's  first  work  on  *  Organic  Chemistry  in  its  appli- 
cations to  Agriculture  and  Physiology,'  published  in  1840,  he 
illustrated,  more  pointedly  than  Boussingault  had  done,  the 
importance  of  the  incombustible  or  ash-constituents ;  which,  to 
distinguish  them  from  carbonic  acid,  water,  and  ammonia, 
from  which  the  organs  of  plants  were  in  great  part  formed,  he 
designated  as  ^  inorganic "  substances.  He,  at  the  same  time, 
also  insisted  strongly  upon  the  importance  of  the  nitrogen,  or 
ammonia-yielding  matter,  of  manures. 

Soon  after  the  appearance  of  Liebig's  work,  Boussingault 
published,  much  more  fully,  the  results  of  his  own  agricultural 
investigations,  and  the  conclusions  deducible  from  them,!  bring- 
ing out  more  prominently  his  views  as  to  the  importance,  in  a 
practical  point  of  view,  of  the  nitrogen  in  manures. 

Liebig  followed  with  a  new  edition  in  1843,  in  which  he  criti- 
cised Boussingault's  experiments ;  condemned  his  notion  of  the 
relative  importance  of  the  nitrogen  of  manures ;  maintained  (in 
direct  opposition  to  the  view  put  forward  in  his  former  edition) 
that  the  atmosphere  afforded  a  sufficient  supply  of  nitrogen  for 
cultivated  as  well  as  for  uncultivated  plants ;  argued  that  this 
supply  was  sufficient  for  the  cereals  as  well  as  for  the  Legu- 
minous plants ;  that  it  was  not  necessary  to  supply  nitrogen  to 
the  former ;  and  insisted  very  much  more  strongly  than  formerly 
on  the  relative  importance  of  the  incombustible,  or,  as  he  desig- 
nated them,  the  **  inorganic  "  or  ^^  mineral "  constituents.  He 
even  went  so  far  as  to  say : — 

**  Is  fertility  not  quite  independent  of  the  ammonia  conveyed 
to  the  soil  ?  If  we  evaporated  urine,  dried  and  burned  the  solid 
excrements,  and  supplied  to  our  land  the  salts  of  the  urine,  and 
the  ashes  of  the  solid  excrements,  would  not  the  cultivated  plants 
grown  on  it — the  g^minese  and  leguminosae— <ibtain  their  carbon 
and  nitrogen  fh>m  the  same  sources  whence  they  are  obtained  by 
the  gpramineae  and  leguminosae  of  our  meadows? 

'*  There  can  scarcely  be  a  doubt  with  regard  to  these  questions, 
when  we  unite  the   information  furnished  by  science  to  that 
supplied  by  the  practice  of  agriculture." — 3rd  Ed.,  p.  204. 
Again — 

*^  The  crops  on  a  field  diminish  or  increase  in  exact  proportion 
to  the  diminution  or  increase  of  the  mineral  substances  conveyed 
to  it  in  manure." — 3rd  Ed.,  p.  211. 
Somewhat  later,  he  said — 
^  It  has  been  demonstrated  that  ammonia  is  a  constituent  part 
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of  the  atmosphere,  and  that  as  such  it  is  directly  accessible  and 
absorbable  by  all  plants.  If,  then,  the  other  conditions  necessary 
to  the  growth  of  the  plants  be  satisfied — ^if  the  soil  be  suitable,  if 
it  contains  a  sufficient  quantity  of  alkalies,  phosphates,  and  sul- 
phates, nothing  will  be  wanting;  the  plants  will  derive  their 
ammonia  from  the  atmosphere,  as  they  do  carbonic  acid.  We 
know  well  that  they  are  endowed  with  the  faculty  of  assimilating 
these  two  aliments ;  and  I  really  cannot  see  why  we  should  search 
for  their  presence  in  the  manures  we  use." 

^^ The  question  of  the  necessity  for  ammonia  in  our 

manures  resolves  itself  into  the  question  of  the  necessity  for 
animal  manures,  and  upon  the  solution  depends  the  entire  future 
prospects  of  agriculture;  for  as  soon  as  we  can  dispense  with 
bulky  farmyard  manure,  by  the  use  of  artificial  preparations,  the 
productive  power  of  our  fields  is  placed  in  our  own  hands." 

Our  former  papers  published  in  this  Journal  have  shown  that 
the  results  of  direct  experiment,  as  well  as  the  general  experience 
of  agriculture  as  practised  in  this  country,  are  in  the  main  confir- 
matory of  the  conclusions  of  Boussingault,  and  [condemnatory  of 
those  of  Liebig,  as  above  quoted;  and  the  records  of  continued 
investigation  given  in  this  paper  will  afford  further  evidence  in  the 
same  direction,  in  reference  to  some  of  the  points  in  question. 

In  his  more  recent  works,  however.  Baron  Liebig  substantially 
affirms  much  of  what  we  have  from  time  to  time  maintained  in 
correction  of  his  own  special  doctrines.  One  example  will 
suffice.  In  his  most  recent  work — ^  The  Natural  Laws  of  Hus* 
bandry' — in  the  course  of  a  good  deal  of  illustration  bearing 
upon  the  point,  he  says : — 

^'  It  is  easy  to  see  that  the  accumulation  of  nitrogenous  food  by 
farmyard  manure  in  the  uppermost  layers  of  the  ground,  so  very 
important  for  the  perfect  growth  of  cereal  plants,  must  chiefly 
depend  upon  the  successful  growth  of  fodder  plants." 

Here,  then,  in  direct  contradiction  to  the  views  embodied  in 
the  sentences  above  quoted  from  his  earlier  writings,  Baron 
Liebig  now  maintains  the  importance  of  the  growth  of  fallow 
crops  as  a  means  of  providing  nitrogenous  manures  for  the 
growth  of  the  cereal  g^ins.  He  does  so,  however,  not  only 
without  any  acknowledgment  of  previous  error  on  the  poin^ 
but,  as  in  other  instances,  seeks  to  cover  his  change  of  view 
by  putting  forth  his  present  opinions  as  apparently  only  the 
necessary  consequences  of  general  or  abstract  principles  laid 
down  by  himself,  and  by  misrepresentation  and  ridicule  of  those 
whose  corrections  he  adopts. 

Prior  to  the  appearance  of  Baron  Liebig's  work  in  1840, 
numerous  experiments,  to  a  great  extent  suggested  by  a  study  of 
De  Saussure's  researches  on  vegetation,  had  been  made,  on  a 
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gmall  scale,  at  Rodiainsted,  on  the  effects  of  yarious  minei^l  and 
other  substances  when  applied  as  manure  to  a  variety  of  agricul- 
tural plants.  The  most  marked  result  observed  in  these  early 
trials  was  the  very  striking  increase  in  the  rapidity  of  growth 
of  certain  plants  when  earthy  phosphates  decomposed  by  sul- 
phuric acid  were  employed. 

In  1843^  it  was  decided  to  make  experiments  at  once  more 
systematic  and  on  a  larger  scale,  on  some  of  the  most  important 
crops  of  our  rotations,  to  determine,  as  far  as  possible,  the  relative 
or  characteristic  dependence  of  each,  on  the  soil,  the  atmosphere, 
and  manure.  Boussingault's  researches  had  been  designed  to 
ascertain  what  constituents  were  furnished,  respectively  by  the 
soil,  the  atmosphere,  and  manure,  to  the  aggr^ate  of  crops  forming 
a  rotation,  rather  than  to  each  description  of  plant  individually  ; 
and  he  himself  says  that  his  plan  and  results  were  silent  on  the 
latter  point,  though  there  is  no  doubt  they  did,  at  the  same  time, 
afford  some  very  trustworthy  indications  in  relation  to  it. 

Of  the  new  series  of  experiments  made  at  Rothamsted,  the 
first  commenced  was  on  turnips ;  and  in  accordance  with  the 
results  previously  obtained  on  a  small  scale,  and  apparently  quite 
consistently  with  the  views  put  forth  by  Liebig  as  to  the  relative 
importance  of  supplying  the  mineral  constituents,  the  effects  of 
the  phosphatic  manures  were  mo^t  striking,  especially  in  the 
early  stages  of  growth ;  though,  when  the  experiments  of  the 
first  year  were  concluded,  it  was  found  that  certain  organic 
manures  had  very  materially  influenced  the  final  amount  of 
produce. 

For  the  experiments  upon  wheat,  a  field  of  14  acres  was 
selected,  which  had  grown  turnips,  barley,  peas,  wheat,  and  oats, 
since  the  application  of  manure,  and  would,  therefore,  according 
to  the  ordinary  rules  of  practice,  be  considered  so  far  exhausteil 
as  to  require  to  be  re-manured  before  growing  another  crop. 

I^was  thought  that  a  field  in  such  a  condition  was  peculiarly 
fitted  to  show  in  which  of  the  constituents  of  |he  crop  to  be 
grown  the  soil  had  become  practically  the  most  deficient  by  the 
removal  of  the  five  preceding  crops ;  and  that,  if,  on  some  plots 
of  the  land,  in  this  agricultural  sense  exhausted,  certain  con- 
stituents of  farmyard  manure  were  supplied  separately,  on  others 
in  combination,  and  if,  on  others  by  their  side,  the  crop  were 
grown  respectively  without  manure,  and  with  farmyard  manure 
itself,  the  comparative  results  obtained  would  far  more  satis- 
factorily indicate  what  constituents  were  the  most  exhausted,  so 
far  as  their  available  supply  for  the  crop  to  be  grown  was  con- 
cerned, than  any  analysis  of  the  soil  could  do. 

This  view  has  been  fully  confirmed,  not  only  by  the  results 
obtained  on  the  plan  adopted,  but  by  those  obtained  by  others 
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wHo  haTe  attempted  td  determine  tm  what  depends  iihe  pro- 
ductiye  condition  of  a  soil,  bj  means  of  the  chemical  analysis 
of  soils  of  different  physical  characters,  and  of  known  dif- 
ferent productive  qualities.  The  opinions  of  Professor  Magnus, 
put  forth  some  years  later,  in  his  report  upon  forty-two 
analyses  of  soils  made  under  the  auspices  of  the  Landes-Oeko- 
nomie  Kollegium  of  Prussia,  to  which  he  was  then  chemist, 
abundantly  confirm  the  propriely  of  the  decision  at  which  we 
arrived,  after  a  very  careful  consideration  of  the  subject  at  the 
commencement  of  our  experiments. 

Our  conclusion,  as  indicated  in  former  papers,  and  frequently 
expressed  in  answer  to  the  objections  of  chemical  friends  wno  had 
not  paid  special  attention  to  the  applications  of  chemistry  to  agri- 
culture, was,  that  far  more  had  yet  to  be  done  in  determining  the 
chemical  and  physical  qualities  of  soils  in  relation  to  the  atmo- 
sphere, and  to  manurial  substances  exposed  to  their  action,  as  well 
as  in  perfecting  methods  of  analysis,  before  comparative  analyses 
could  aid  us  much  in  deciding  upon  the  relative  productiveness  of 
different  soils,  to  say  nothing  of  the  still  more  difficult  problem  of 
estimating,  by  such  means,  the  condition  of  fertility  or  exhaustion 
of  one  and  the  same  soil  at  different  times.  Of  late  years  very 
much  has  been  done  in  these  departments  of  investigation ;  still, 
as  recent  discussions  abundantly  show,  far  too  little  is  even  vet 
known  of  what  a  soil  either  is  or  ought  to  be,  in  a  chemical  point 
of  view,  to  render  the  results  of  the  analysis  of  soils  direcdy 
applicable  to  the  solution  of  questions  such  as  those  we  had  in 
view  in  our  enquiry.  But  if  our  knowledge  of  the  chemistry  of 
soils  should  progress  as  rapidly  as  it  has  during  the  last  twenty 
years,  the  analysis  of  a  soil  will  ere  long  become  much  more 
significant  than  it  is  at  present. 

In  the  mean  time,  therefore,  the  synthetic  rather  than  the  ana- 
lytic method  was  relied  upon.  And  it  was  with  the  striking 
effects  of  the  mineral  manures  upon  the  still  growing  tumi^crop 
under  our  view,  and  wishing  4o  test  more  fully  the  recently-pro- 
mulgated doctrines  of  Liebig,  that  the  plan  of  the  first  of  the 
twenty  years  of  experiments  with  wheat  was  arranged.  Under  the 
influence  of  such  experience,  and  of  such  theoretical  considera- 
tions, "  inorganic "  or  "  mineral "  manures  of  some  kind  were 
applied  to  almost  every  plot,  and  nitrogenous  ones  to  very  few. 
Without  anticipating  in  these  preliminary  remarks  the  results 
which  will  be  given  in  detail  further  on,  it  may  be  stated  gene- 
rally, that  in  this  first  season  scarcely  any  increase  whatever  was 
obtained  from  the  exclusive  application  of  any  of  the  so-called 
mineral  manures;  whilst,  wherever  nitrogenous  manures  were 
employed  the  effect  was  very  striking. 

Naturally  enough  much  more  nitrogen  (as  ammonia  or  in  some 
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odier  available  form)  was  employed  in  subsequent  seasons ;  and 
so  marked  have  been  its  effects,  mat  the  interest  of  the  investiga- 
tion maj  be  said  almost  to  begin  and  end  with  the  consideration 
of  the  influence  of  that  important  constituent  of  manures  on  the 
amounts  and  character  of  the  produce  obtained,  in  immediate 
or  succeeding  crops,  according  to  the  quantity  employed,  to  the 
condition  of  the  land  in  regard  to  the  supply  of  available  mineral 
constituents,  and  to  the  characters  of  the  seasons. 

The  Field  Experiments. 

The  particulars  of  the  manuring  and  produce  of  each  of  the 
experimental  plots,  in  each  of  the  twenty  years  over  which  the 
experiments  have  extended,  are  given  in  detail  in  Tables  I.  to 
XXI.  inclusive,  in  the  Appendix;  and  in  Tables  XXII.  to 
XXVI.  inclusive,  also  in  the  Appendix,  are  given  some  of  the 
most  important  results  in  a  more  collective  form.  Those  vermi- 
nous records,  as  above  classified,  show,  respectively,  the  effects  of 
one  manure  compared  with  another  in  each  season  separately, 
and  the  great  difference  of  effect  of  the  same  manure  in  one 
season  con\pared  with  another,  and  its  increasing  or  diminishing 
effect  when  used  year  after  year  on  the  same  plot. 

It  will  be  obvious,  however,  on  a  very  little  reflection,  that  the 
question  of  the  relative  condition  of  exhaustion  of  the  different 
plots  cannot  be  satisfactorily  considered  by  reference  to  the 
amounts  of  crop  alone.  To  deal  adequately  with  this  part  of  the 
subject,  the  consideration  of  the  chemical  composition,  as  well  as 
the  amount,  of  the  produce  is  obviously  essential.  Accordingly, 
the  proportions  of  dry  substance,  and  of  mineral  matter,  in  both 
the  com  and  the  straw,  of  each  plot,  in  each  of  the  twenty  y^ars, 
have  been  estimated.  The  proportion,  and  amount  per  acre,  of 
the  nitrogen,  and  the  composition  of  the  ash,  in  both  com  and 
straw,  have  in  many  selected  cases  been  determined.  The  per- 
centage of  nitrogen  in  the  soil  of  some  of  the  plots,  at  different 
stages  of  the  progress  of  the  experiments,  has  also  been  esti- 
mated. The  mere  tabular  record  of  these  results  of  analysis 
would  occupy  nearly  as  much  space  as  those  relating  to  the 
experiments  in  the  field ;  whilst  the  discussion  of  them,  in  their 
manifold  and  important  bearings,  would  supply  matter  more 
than  sufficient  for  a  single  paper.  It  is  proposed,  therefore,  on 
the  present  occasion,  to  leave  out  of  view  the  analytical  results 
altogether,  and  to  confine  attention,  almost  exclusively,  to  the 
more  salient  points  of  interest  brought  out  by  the  results  of  the 
field  experiments  alone,  leaving  the  detailed  treatment  of  the 
question  of  exhaustion  to  a  future  opportunity. 

The  question  of  the  climatic  characters  of  the  different  seasons, 
and  of  the  connexion  between  these  and  the  amount  and  character 
of  the  produce  yielded,  would  also  require,  for  its  due  illustration 
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and  elucidation,  the  discnssion  of  such  a  vast  amount  of  meteoro- 
logical record,  and  is,  moreover,  one  of  such  intricacy,  that  it 
would  be  impossible  to  treat  it  at  all  satisfactorily  within  the 
limits  that  might  otherwise  have  been  devoted  to  so  interesting 
and  important  a  branch  of  the  subject  in  the  present  paper.  The 
consideration  of  the  influence  of  season  will,  therefore,  on  the 
present  occasion,  be  limited  to  pointing  out,  as  matters  of  fact, 
the  most  prominent  characteristics  of  the  respective  seasons,  and 
the  very  great  difference  in  the  amounts  and  in  the  characters  of 
the  produce  obtained  under  otherwise  comparable  conditions  of 
growth,,  but  in  different  seasons. 

Incidentally,  however,  the  results  brought  out  under  this  head 
will  enable  us  to  form  some  judgment  as  to  whether  the  earlier 
or  the  later  seasons  of  the  experiments  were,  upon  the  whole, 
the  less  or  the  more  favourable ;  and,  therefore,  whether  an 
increased  or  diminished  result  from  the  use  of  the  same  manure 
through  successive  years,  is  to  be  attributed  mainly  to  the  cumu- 
lative or  the  defective  character  of  the  manure  itself,  or,  in  any 
material  degree,  to  a  progressive  or  retrogressive  character  of  the 
seasons. 

General  Description  of  the  Manures  employed. 

Having  regard  to  the  constituents  of  the  ash  of  wheat-grain, 
and  of  wheat-straw,  it  was  sought  to  supply  potass^  soda,  lime, 
magnesia,  phosphoric  acid,  sulphuric  acid,  chlorine,  and  silica, 
respectively,  in  the  most  available  and  convenient  forms.  Omit- 
ting from  the  enumeration  the  amounts  of  mineral  constituents 
provided  in  farmyard  manure,  cut  wheat-straw,  rape-cake,  &c., 
or  in  the  ashes  of  farmyard  manure  or  wheat-straw,  the  more 
direct  supply  of  the  above-mentioned  substances  was  as  under  : — 

Potass — As  pearl-ash,  sulphate  of  potass,  or  silicate  of 
potass. 

Soda — As  soda-ash,  or  sulphate  of  soda. 

Lime — As  sulphate,  phosphate,  and  superphosphate. 

Magnesia — As  magnesian  lime-stone,  or  sulphate  of  mag- 
nesia. 

Phosphoric  Add — As  bone-ash ;  generally  acted  upon  by 
sulphuric  acid  in  quantity  sufficient  to  convert  a  con- 
siderable portion  of  the  insoluble  earthy  phosphate  of 
lime  into  sulphate  and  soluble  superphosphate  of  lime. 

Sulphuric  Acid — As  sulphate  of  potass,  soda,  or  magnesia, 
in  the  phosphatic  mixture  last  mentioned,  &c. 

Chlorine — As  hydrochloric  acid  (with  bone-ash),  or  as 
chloride  of  sodium  (common  salt),  &c. 

Silica — As  artificial  silicate  of  potass;  formed  by  fusing 
together  equal  parts  of  sand  and  pearl-ash. 
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In  accordance  with  the  nomenclature  employed  bj  Liebig, 
and  generally  adopted  by  writers  on  agricultural  chemistry,  all 
the  above  are,  for  convenience,  distinguished  as  ^'inorganic" 
or  **  mineral"  manures.  Professor  Hofmann*  has,  however, 
recently  suggested  the  term  cinereal  (from  cinereSy  ashes)  to  desig- 
nate those  constituents  which  are  found  in  the  ashes  of  plants. 
Although,  undoubtedly,  far  more  appropriate  than  the  terms 
**  inorganic  "  or  "  mineral,"  the  attempt  to  substitute  it  now  would 
be  fraught  with  more  inconvenience  and  confusion  than  advan- 
tage. Liebig  himself,  has,  indeed,  of  late,  sought  to  repudiate 
the  use  of  the  term  mineral  in  the  restricted  sense  in  which  he 
had  habitually  used  it  in  agricultural  discussions.  He  has  even 
attempted,  by  means  of  direct  misquotation,  to  fix  the  origination 
of  the  distinction  upon  ourselves.! 

Other  constituents  have  been  supplied  as  under :— - 

Nitrogen — As  sulphate,  muriate,  or  carbonate  of  ammonia,  or 
nitrate  of  soda,  of  commerce ;  in  farmyard  manure,  and  in  nitro- 
genous organic  matter,  such  as  rape-cake,  &c. 

Non-mitrogenjom  organic  matter^  yielding  by  decomposition  car- 
bonic acidy  and  other  products — In  rape-cake,  rice,  tapioca,  and 
also  in  straw  and  in  farmyard  manure. 

The  artificial  manure  or  mixture  for  each  plot,  was  generally 
ground  up  with  a  sufficient  amount  of  clay-ashes  to  make  it  up 
to  such  a  fixed  measure  per  acre  as  would  facilitate  its  equal  dis- 
tribution over  the  land.  In  the  earlier  years  the  mixtures  so 
prepared  were  sown  broadcast  by  the  drill ;  but  they  have  for 
some  time  past,  with  proper  precautions,  been  distributed  by 
hand,  as  it  was  found  that  in  that  way  the  application  of  an  exact 
amount  of  manure  to  a  limited  area  of  land  could  be  best  accom- 
plished. Now,  however,  a  drill  has  been  constructed  expressly 
for  the  purposeof  the  application  of  the  experimental  manures. 

The  field  of  14  acres  was  at  first  divided  into  plots  of  which 
most  consisted  of  two  lands  (each  about  12  feet  5  inches  wide) 
running  the  whole  length  of  the  field,  and  comprising  together 
nearly  two-thirds  of  an  acre.  After  the  second  season,  however, 
the  double-land  plots  were  each  divided  into  two ;  though,  in  most 
cases,  the  two  were  similarly  manured,  thus  providing  duplicate 
experiments  with  the  same  manure. 

*  'Reports  of  the  Juries'  of  the  IntematioDal  Exhibition  of  1862 ;  footnote, 
pp.  159,  160.  Professor  Hofmann  has  also,  in  his  capacity  of  International 
Reporter,  passed  a  judgment  on  the  controversy  between  Baron  Liebig  and  our- 
selves; fortunately,  however,  Baron  Liebig's  own  works,  and  onr  own  papers 
in  this  Journal,  and  elsewhere,  remain  in  enduring  protest  against  his  mis- 
statement  of  the  issnes,  and  his  caricature  of  our  own  opinions. 

t  For  further  evidence  on  this  point,  see  footnote  at  pp.  506-8,  Vol.  xxiv.  of  the 
*Joamal  of  the  Royal  Agricultural  Society  of  England ) '  also  pp.  447,  448,  and 
context,  Vol.  XTi, 
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In  the  earlier  years  of  the  experiments  the  manures  were  each 
season  allotted  with  a  view  to  the  settlement  of  certain  individual 
points ;  such,  for  instance,  as  the  effect  of  individual  mineral 
manures,  the  necessity  or  otherwise  of  providing  carbonaceous 
organic  matter,  and  tne  effect,  on  the  one  hand  of  a  deficient  or 
partial,  or  on  the  other,  of  a  full  or  excessive,  manuring  in  one 
season  on  the  crop  of  the  immediately  succeeding  season.  The 
allotment  was  always  made  with  more  or  less  of  special  reference 
to  the  previous  manuring  and  produce  of  the  respective  plots; 
but,  unfortunately,  not  with  that  full  appreciation  of  the  desirable- 
ness of  maintaining  exactly  and  easily  comparable  relations 
between  one  plot  and  another  for  a  long  series  of  consecutive 
seasons,  which,  in  this  hitherto  untrodden  path  of  inquiry,  could 
only  be  attained  by  a  careful  study  of  the  results  from  time  to 
time  obtained. 

The  manures  applied  on  one  and  the  same  plot  were,  indeed, 
much  more  uniform  from  year  to  year  after  the  first  three,  or 
even  in  many  cases  after  the  first  two  years  of  the  experiments. 
There  were,  however,  still  some  variations  in  the  description, 
and  more  in  the  amount  employed  on  the  same  plot,  even  up  to 
the  eighth  year  inclusive ;  though,  during  the  last  four  of  these, 
there  were  comparatively  few  the  effect  of  which  would  be  to 
interfere  materially  with  the  comparative  character  of  the  results 
obtained  in  subsequent  seasons. 

In  the  ninth  year  it  was  definitively  arranged  to  supply, 
throughout  the  field,  the  same  manure  year  after  year,  on  the 
same  plot,  for  many  successive  seasons,  so  as  to  trace  more 
clearly  the  point  at  which  one  or  another  constituent  became  ex- 
hausted, or  m  excess,  in  relation  to  others,  or  to  the  requirements 
for  the  production  of  a  maximum  crop. 

It  is  obvious,  therefore,  that  when  comparing  the  results 
obtained  on  one  plot  with  those  of  another  in  the  ninth  and  eleven 
succeeding  seasons,  the  previous  history  of  each  plot  must  be 
taken  into  consideration.  Numerous  illustrations  will,  indeed,  be 
given  of  the  effects  of  the  unexhausted  residue  of  nitrogenous  and 
mineral  manures  applied  in  preceding  seasons,  on  the  amounts  of 
produce  obtained  m  succeeding  ones ;  not  only,  however,  with 
a  view  to  the  more  correct  interpretation  of  the  results  obtained 
in  the  later  years  of  these  experiments,  but  also  on  account  of  the 
great  practical  importance  of  the  question.  But  it  will  be  when 
we  come,  on  a  future  occasion,  to  discuss  the  deficiency  or  excess 
of  certain  constituents  by  the  aid  of  analysis,  that  we  shall  enter 
more  fuUy  into  the  chemical  statistics  of  each  individual  plot 
than  is  necessary,  or  even  desirable,  in  presenting  the  outline  of 
the  results  in  their  more  practical  bearings  which  it  is  propose^ 
to  give  in  the  present  paper. 
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The  Field  Results. 

In  former  numbers  of  this  Journal  (vol,  viii.  part  1 ;  vol.  xii., 
part  1 ;  and  vol.  xvi.,  part  2),  the  most  important  of  the  results 
obtained  in  the  earlier  years  have  been  discussed ;  and  to  those 
papers,  and  to  the  detailed  records  given  in  the  Appendix  Tables 
at  the  conclusion  of  this  paper,  the  reader  is  referred  for  any 
more  than  the  very  brief  notice  of  the  experiments  of  the  first 
eight  years  which  can  now  be  given. 

On  the  present  occasion  the  results  of  the  whole  20  years  will 
be  treated  of  under  the  following  separate  hemls : — 

First. — Amount  and  character  of  the  produce  obtained  under  the 
different  conditions  of  manuring^  in  each  of  the  20  years;  toith 
brief  reference  to  the  characters  of  each  season. 

Second. — Effects  of  the  unexhausted  residue  from  previotis 
manaring  (both  nitrogenous  and  mineral)  upon  succeeding  crops. 

Third. — Average  annual  result  over  the  last  12  gears^  by  each 
description  of  manure  applied  year  after  year  on  the  same  plot. 

Fourth. — Amount  of  ammonia  in  manure  required  to  yield  one 
bushel  increcLse  of  grain  {with  its  proportion  of  straw\  according 
to  the  quantity  applied  per  acrcy  to  the  available  supply  of  mineral 
constituents  within  the  soilj  and  to  the  season. 

Fifth. — Concluding  observations  ;  showing  the  practical  bearings 
cfthe  results. 

L — Amount  and  Character  of  the  Produce  obtained  in 

DIFFERENT  SEASONS.* 

First  Season,  1843-4. 
The  winter  of  1843-4  was  unusually  mild  until  the  end  of 
January.  February  and  March  were  cold,  wet,  and  stormy. 
April  and  May  were  unusually  dry,  with  some  warm  weather, 
but  a  good  deal  of  cold  easterly  wind.  June  was  variable  as  to 
temperature,  with  scarcely  any  rain  throughout  the  greater  part 
of  it,  but  a  good  deal  towards  the  end  of  the  month.  July  was 
wet,  but  with  more  than  the  average  temperature,  especially 
daring  the  last  week.  August  was  almost  throughout  colder 
than  usual^  and  excepting  towards  the  end,  windy  and  wet. 
In  September  a  moderate  amount  of  rain  fell,  but  the  weather 
was,  upon  the  whole,  warm  and  favourable.  The  dew*point  and 
the  degree  of  humidity  of  the  air  were,  in  June  below,  and  in 
July  about  the  average ;  in  August  the  dew-point  was  low,  but 
with  the  prevailing  low  temperature  the  degree  of  humidity  was 
high ;  and  in  September  bom  dew-point  and  degree  of  humidity 
were  above  the  average. 

*  Tbe  obterratioiifl  on  the  characters  of  the  seasoos  are  fbnnded  partly  on  Mr. 
Olaiaher'fl  Quarterly  Reporta,  and  partly  on  other  records,  and  thejr,  as  well  as 
those  relating  to  the  wheat-erops  ox  the  country,  may  be  teken  as  applicable,  so 
te  assadi  brief  s&d  general  sutsments  can  bei  to  a  considerable  portion  of  the 
Midland,  Eastern,  and  South-eastern  distriots  of  England. 
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With  these  characters  of  season,  which  proved  extremely  adverse 
to  grass  and  spring-sown  crops,  the  wheat-crop  was  reported  to  be 
generally  well  got  in,  and  to  be  one  of  the  lai^gest  in  bulk  and 
yield  for  many  years  past. 

The  amount  and  character  of  the  produce  obtained  in  the 
experimental  field  is  sufficiently  indicated  by  the  following  sum- 
mary of  the  results  yielded  on  some  of  the  most  important 
plots : — 

Table  I.— Suhmaby  of  the  Results  of  the  Fibst  Skason,  184d-4. 


i 

Pboducb  pxa  AcBE,  && 

ICaxusjo. 

Drossed  Ooni. 

Total 
Com. 

(Quonttttes  per  Acre.) 

Qiianttt7. 

per 
BiMhel. 

Stnw 

and 

Oiaff. 

Unmanarcd  (Plot  3) 

1 4  toua  Farmyard  Manure  (Plot  2) 

Ashes  of  14  tons  Farmyard  Manure  (Plot  4)    .. 
Mixed  Mineral  Manure  alone ;  mean  of  9  plots) , 

(5,  6,  7,  8,  10,  12,  13,  14,  and  15) j 

Mixed  Mineral  Manure,  and  65  lbs.  Sulphate  of  j> 

Ammonia ;  mean  of  3  plots  (9,  16,  and  17)  . .  / 
Mixed  Mineral  Manure,  and  80  lbs.  Sulphate  of! 

Ammonia  (Plot  10) [ 

Bush.  Fks. 
15     0 
20     li 

14  21 

15  2( 
19     li 
24     li 

llM. 

58-5 
59-3 
58*0 

610 
62*3 
61*8 

IbB. 
923 
1276 
888 

1009 
1275 
1580 

llM. 

1120 
1476 
1104 

1155 
1423 
1772 

It  will  be  observed  that  notwithstanding  the  very  favourable  re- 
port of  the  year's  crop,  the  produce  in  these  experiments  was,  with- 
out manure  only  15  bushels,  and  with  farmyard  manure  scarcely 
20^  bushels  of  dressed]  corn,  with  proportionally  small  amounts 
of  straw.  These  low  results  afford  satisfactory  evidence  that  the 
land  was  in  a  condition  of  practical  or  agricultural  exhaustion ; 
and  hence,  that  it  was  well  fitted  for  the  purpose  of  experiments 
the  object  of  which  was  to  show  in  what  constituent,  or  class  of 
constituents,  the  soil  had  become,  by  the  previous  course  of 
cropping,  the  most  deficient,  so  far  as  •the  requirements  of  the 
wheat-crop  were  concerned. 

It  is  specially  worthy  of  remark,  too,  that  on  land  in  this 
condition,  the  ashes,  or  mineral  constituents,  of  farmyard  dung, 
gave  no  increase  whatever,  and  artificial  mineral  manures  did  so  to 
the  amount  of  less  than  a  bushel  of  dressed  com,  and  only  35  lbs. 
of  straw.  On  the  other  hand,  mineral  manure  and  only  65  lbs.  of 
sulphate  of  ammonia  per  acre,  gave  nearly  as  much  produce  as 
the  farmyard  manure ;  whilst  one  experiment,  in  which  80  lbs. 
of  sulphate  of  ammonia  were  employed  with  mixed  mineral 
manure,  gave  the  highest  produce  obtained  in  that  year,  and 
nearly  4  bushels  of  com,  and  300  lbs.  of  straw,  more  than  was 
yielded  by  the  farmyard  manure. 
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The  obvious  conclasion  was,  that,  by  the  ordinary  coarse  of 
cropping  to  which  the  land  had  been  sabject,  the  soil  had  become 
deficient  in  available  nitrogen  relatively  to  the  available  supply 
of  mineral  constituents  required  by  the  wheat-plant. 

Second  Season^  1844-5. 

November,  1844,  was  comparatively  warm,  with  a  good  deal 
of  rain.  December  was  unusually  severe  throughout.  January 
(1845)  was  very  wet  and  mild.  February  and  the  greater  part 
of  March  were  extremely  cold,  the  thermometer  on  several  occa- 
sions showing  lower  temperatures  than  had  been  observed  for 
many  years,  and  at  intervals  a  good  deal  of  snow  fell.  April  was 
cold,  but,  upon  the  whole,  dry ;  and  May  was  cold,  wet,  and 
unseasonable.  In  June  not  much  rain  fell,  and  the  weather  was 
pretty  warm  throughout ;  but  July  and  August  were  generally 
both  cold  and  wet  September,  too,  was  cold  throughout,  with 
an  excess  of  rain  during  the  latter  half  of  the  month.  In  June, 
the  dew-point  was  considerably  above,  in  July  about,  and  in 
August  and  September  somewhat  below  the  average;  but,  in 
each  of  these  months,  the  degree  of  humidity  of  the  air  was 
notably  above  the  average. 

The  wheat-crop  of  1845  was  generally  deficient  in  bulk,  yield, 
and  quality.  It  was  in  this  season  that  the  potato  disease  first 
appeared  to  any  extent. 

The  following  is  a  summary  of  the  results  obtained  in  the  ex- 
perimental field : — 

Table  IT.  — Suxuabt  of  the  Results  of  the  Second  Season,  1844-5. 


(QoanUtitis  per  Acre.) 


FBODUCB  FEB  AjCRE,  IbC. 


Unmannred  (Plot  3)     

14  tons  Farmyard  Manure  (Plot  2) 

2  ewts.  Carbonate  of  Ammonia  (top-dressed  in 
solution),  Plot  5'      

3  cwts.  Ammonia-salts  (equal  parts  Sulphate) 
and  Muriate) ;  mean  of  2  plots  (9  and  10}    ..  f 

2  ewts.  Ammoniarsalts   (equal   parts  Sulphate  | 
and  Muriate)  and  Superphosphate  of  Lime 
(plot  18)       

2  cwts.  Sulphate  of  Ammonia,  5  cwts.  Rape- 
cake,  and  Mineral  Manure;  mean  of  3  experi- 
ments (plots  1,  11,  and  12)       


Drened  Corn. 

Total 
Com. 

QoanUty. 

Weight 

per 
BusheL 

Buah.  Fks. 
23     Of 
32     0 

Ita. 
66'6 
66*8 

Ibfl. 
1441 
1967 

26     8i 

57*3 

1732 

32     2} 

67-3 

2056 

33    0} 

56-5 

2048 

28    2} 

55-3 

1804 

Straw 

and 

Gbaff. 


Ifafl. 
2712 
3915 

3599 
4162 


3819 


3979 


Owing  to  the  very  unfavourable  winter  of  1844^5,  severe  irost 


18  Report  of  Experiments  on  the  Growth  of  WheaU 

alternating  with  a  great  deal  of  rain,  it  was  impossible  to  prepare 
the  land  and  sow  die  manures  and  seed  in  the  eaqperimental  field 
until  March,  1845 ;  and,  as  the  above  statement  shows,  the  period 
from  seed-time  to  harvest  was,  with  the  exception  of  June,  almost 
uniformly  cold,  wet^  and  unseasonable.  Further,  as  already  re- 
ferred to,  mineral  manures  were  applied  on  very  few,  and  am- 
monia-salts, or  rape-cake,  on  most  of  the  plots. 

As  above  stated,  the  wheat-crop  of  the  country  was  reported 
to  be  generally  deficient  in  Quantity  as  well  as  quality ;  but  in 
the  experimental  field,  althougn  the  quality,  as  indicated  by  the 
weight  per  bushel,  and  the  proportion  of  com  to  straw,  was  low, 
the  bulk  and  weight  of  total  produce  were  above  the  average  of 
the  20  years  under  comparable  conditions  of  manuring.  Indeed, 
both  without  manure,  and  with  farmyard  manure,  the  produce  of 
com  was  about  1^  time,  and  that  of  straw  about  2^  times  as 
much  as  in  the  reputedly  very  much  more  favourable  season  of 

The  produce  without  manure  being  23^  bushels,  and  that  by 
farmyard  manure  32  bushels,  3  cwts.  of  ammonia-salts  per  acre 
(succeeding  a  mineral  manure  in  the  previous  season)  gave  32^ 
bushels  of  com  and  4162  lbs.  of  straw,  or  more  both  of  corn  and 
straw  than  the  14  tons  of  farmyard  manure ;  whilst  only  2  cwts. 
of  ammonia-salts  per  acre,  but  used  in  conjunction  with  mineral 
manure  (plot  18),  gave  even  rather  more  corn,  and  not  much 
less  straw. 

It  is  unfortunate  that  mineral  manure  was  in  no  case  used 
alone  in  this  season.  But  the  efi*ects  of  ammonia-salts,  as  in  the 
preceding  season,  are  very  striking.  It  is  also  seen,  by  a  com- 
parison of  the  result  of  2  cwts.  of  ammonia-salts  with  mineral 
manure,  with  that  of  3  cwts.  without  it  (though  succeeding 
mineral  manure  in  the  previous  season),  that  the  mineral  con- 
stituents supplied,  though  so  inactive  when  used  alone  in  the 
preceding  year,  had  a  very  marked  effect  when  a  sufficient  amount 
of  ammonia  was  at  the  same  time  provided  within  the  soil.  The 
influence  of  the  mineral  manure  was,  moreover,  very  much  to 
increase  the  tendency  to  the  production  of  com  rather  than  of 
straw. 

Third  Season,  1845-6. 

Throughout  the  winter  of  1845-6  the  temperature  was  generally 
above,  and  sometimes  considerably  above,  the  average.  In  De- 
cember and  January  therp  was  a  great  deal  of  rain,  but  in 
November  and  February  less  than  the  average.  The  first  pait  of 
March,  too,  was  considerably  warmer  than  usual,  with  little  rain. 
It  then  became  colder,  and  towards  the  end  of  the  month  there 
was  frost  and  snow*    The  beginning  and  end  of  April  were 
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ratlier  cold,  but  otherwise  tbe  month  was  mild,  with  a  good  deal 
of  rain.  May  was  very  fine,  the  temperature  being  much  above, 
and  the  rain-fall  much  under  the  average.  June  was  very  un- 
usually hot  and  dry  until  towards  the  end  of  the  month,  when 
the  weather  broke  up  with  a  thunder-storm.  July  was  variable, 
but,  upon  the  whole,  seasonable,  with  a  good  deal  of  very  hot 
weather,  and  but  little  rain.  In  the  beginning  of  August  there 
was  great  heat  with  heavy  thunder-storms,  and  excessive  amount 
of  rain,  the  rest  of  the  month  being  favourable.  September  was 
also  generally  warm  and  fetvourable,  but  with  a  fair  amount  of  rain 
towards  the  end  of  the  month.  The  dew-point  generally  ranged 
high  throughout  June,  July,  August,  and  September ;  but,  with 
the  prevailing  high  temperatures,  the  degree  of  humidity  of  the 
air  was,  in  June  and  July  somewhat  below,  and  in  August  and 
September  not  much  above  the  average. 

Upon  the  whole,  the  winter,  spring,  and  summer  of  1845-6 
were  unusually  warm,  the  summer  dry,  and  the  harvest-time 
generally  favourable. 

With  these  qualities  of  season,  the  wheat-crop  of  the  country 
was  estimated  to  be  below  the  average  in  amount,  but  to  be  of 
very  good  quality. 

In  the  experimental  field  mineral  manures  were  employed 
more  generally,  in  greater  variety,  and  in  greater  abundance,  than 
in  the  preceding  season.  Ammonia^salts,  or  rape-cake,  or  both, 
were  also  used  on  many  of  the  plots.  Among  the  mineral 
manures,  the  ashes  of  wheat-straw,  and  Liebig's  wheat-manure, 
were  repectively  employed  alone,  with  ammonia-salts,  with  rape- 
cake,  and  with  both  ammonia-salts  and  rape-cake.  Upon  the 
whole,  there  was  more  of  uniform  plan  in  the  selection  and 
arrangement  of  the  manures  in  this  season  than  formerly ;  and,  as 
already  referred  to,  the  double-land  plots  were  now,  and  hence- 
forth, subdivided ;  though,  especially  in  the  later  years  of  the 
experiments^  the  two  lands  designated  a  and  b  respectively,  gene- 
rally served  as  duplicates  with  die  same  manure.  Passing  over 
all  details.  Table  III.  (p.  20)  is  a  summary  of  the  results  ob- 
tained in  this  season. 

The  experimental  wheat-crop  of  1846  was  by  no  means  so 
bulky  as  that  of  1845 ;  but  (as  also  over  a  large  area  of  the 
country)  the  quality  was  very  much  above  the  average,  both  the 
proportion  of  com  to  straw,  and  the  weight  per  bushel  of  dressed 
com,  being  very  high. 

Taking  the  unmanured  produce  of  dressed  com  as  the 
standard  for  comparison,  the  farmyard  manure  gave  an  increase 
of  9^  bushels;  mineral  manure  alone  (though  succeeding  am- 
moniapsalts  or  rape-cake,  or  both,  in  the  preceding  season), 
of  under  3  bushels;  2  cwts.  of  sulphate  of  ammonia  alone 
(after  ammonia-salts  in  the  preceding  year,  and  mineral  manure 
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Table  IIL--^uuicabt  of  the  Results  of  the  Tbibd  Season,  1845  -6. 
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1CASUSK9. 
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Total 
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(Quaottttes  per  Acre.) 
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Unmanured  (Plot  3) •     ••     .. 

14  toos  Farmyard  Manure  (Plot  2) 

Mixed  Mineral  Manures;  mean  of  4  experi-) 
ments  (Plots  1,  5a  \  6a,  and  186) 

2  cwts.  Sulphate  of  Ammonia  alone  (Plot  10a) 

2  cwts.  Ammonia-salts  (eoual  parts  Sulphate 
and  Muriate),  and  Mixed  Mineral  Manure ; 
mean  of  9  experiments  (Plots  ba\  66,  86, 116, 
126,  136,  146,  176,  and  18a)      

4  cwts.  Rape-cake,  and  Mixed  Mineral  Manure;) 
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in  the  year  before  that),  9^  bushels  ;  2  cwts.  of  ammonia-salts  and 
mineral  manure,  rather  over  11  bushels  ;  4  cwts.  rape-cake  and 
mixed  mineral  manure,  5f  bushels ;  and  2  cwt&  ammonia-salts, 
4  cwts.  rape-cake,  and  mixed  mineral  manure,  13^  bushels. 

Thus,  under  the  influence  of  this  hot  and  dry  summer,  the 
ammonia-salts  alone  gave  rather  more  corn,  and  not  much  less 
straw,  and  the  ammonia-salts  and  mineral  manure  together  more 
of  both  com  and  straw,  than  the  farmyard  manure ;  whilst  mi- 
neral manures  alone  gave  very  much  less  produce  than  ammonia- 
salts  alone.  Here  again,  then,  in  a  very  different  season,  and  in 
the  third  of  the  growth  of  wheat  on  the  same  land,  the  inefficiency 
of  mineral  manures  alone,  and  the  marked  efiect  of  nitrogenous 
manures,  are  very  striking. 

FaaHh  Season^  1846-7. 

Until  the  end  of  November,  1846,  the  season  was  mild  and 
favourable.  December,  January,  February,  and  considerable 
part  of  March,  were  extremely  cold,  with  intense  frosts,  and  much 
fog,  and,  towards  the  end  of  February,  deep  snow  ;  January  was, 
however,  less  rigorous  than  the  other  months.  The  remainder  of 
March,  the  whole  of  April,  and  the  early  part  of  May  were  still 
unusually  cold,  with  but  little  rain  until  towards  the  end  of  April, 
after  which  there  was  a  good  deal.  Th^  latter  part  of  May  and 
the  beginning  of  June  were  fine,  with  a  good  deal  of  high  tem- 
perature ;  but  during  the  latter  part  of  June  more  than  the  usual 
amount  of  rain  fell,  'and  the  temperature  was  also  below  the 


Report  Oj 


on  the  Growth  of  Wheat.  21 


areiage,  Julj  was,  upon  the  whole,  fine,  sometimes  excessively 
hot,  with  little  distnbuted  rain,  but  a  good  deal  in  a  heavy 
thunderstorm  towards  the  end  of  the  month.  In  August,  again, 
not  much  rain  fell,  but  it  was  distributed  over  the  whole  month. 
September  was  showery,  windy,  and  generally  of  rather  low  tem* 
peratnre,  but  still,  upon  the  whole,  favourable.  In  June,  both 
dew-point  and  degree  of  humidity  of  the  air  were  rather  below 
the  average  ;  in  July  the  dew-point  was  above,  but  the  degree  of 
humidity  below  the  average;  in  August,  both  dew-point  and 
degree  of  humidity  were  considerably  above  the  average  ;  and  in 
September  the  dew-point  was  low,  but  with  the  prevailing  low 
temperatures  the  d^ree  of  humidity  was  rather  high. 

Both  the  vield  per  acre^  and  the  quality  of  the  grain,  of  the 
harvest  of  1847,  were  reported  to  be  generally  above  the 
average. 

In  the  experimental  field  mineral  manures  were  in  no  case 
employed  alone  in  this  season,;  neither  potass,  soda,  nor  magnesia 
was  used.  Superphosphate  of  lime  was  applied  in  smaller 
quantity  than  in  tne  preceding  year,  but  on  nearly  the  same 
plots;  ammonia-salts  in  rather  larger  quantity;  and  rape-cake 
not  at  all ;  but  rice,  as  a  means  of  supplying  decomposing  organic 
matter  containing  much  less  nitrogen  than  rape-cake,  was  applied 
in  a  few  instances  in  large  quantity  per  acre.  The  following 
is  a  summary  of  the  most  characteristic  results : — 

Tadlk  IV. — SuMMABT  of  the  Results  of  the  Fourth  Season,  184^7. 
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Aidiougli  the  wheat-crop  of  1847  was  reported  to  be  generallj 
above  the  average,  both  as  to  jield  per  acre  and  quality,  there 
was  here,  except  in  the  case  of  the  farmyard  manure,  not  quite 
so  much  com  for  a  given  amount  of  manure  applied,  nor  was 
the  weight  per  bushel  so  high,  as  in  the  preceding  year.  The 
amount  of  straw  was,  on  the  other  hand,  much  greater ;  though, 
neither  was  it,  nor  that  of  the  com,  equal  to  the  average  of  the 
years  of  experiment.  The  quality  of  the  grain,  as  indicated  by 
the  weight  per  bushel,  was,  however,  considerably  above  the 
average. 

By  farmyard  manure  there  was  an  incresise  over  the  unmanured 
produce  of  13  bushels  of  com,  and  1726  lbs.  of  straw ;  and  there 
was  very  nearly  the  same  amount  by  300  lbs.  of  ammonia-salts 
together  with  superphosphate  of  lime.  Without  the  superphos- 
phate of  lime  the  ammonia-salts  show  a  deficiency  of  nearly 
4  bushels  of  dressed  com,  and  of  581  lbs.  of  straw.  400  lbs.  of 
ammonia-salts  with  superphosphate  of  lime  gave  33  bushels  of 
dressed  com  per  acre,  or  an  increase  over  the  unmanured  produce 
of  about  16  bushels,  and  over  that  by  farmyard  manure  of  rather 
over  3  bushels  of  com  and  of  363  lbs.  of  straw.  By  the  substi- 
tution of  100  lbs.  of  ammonia-salts  by  500  lbs.  of  rice,  the  quantity 
of  both  corn  and  straw  was  somewhat  reduced ;  and  by  the  use 
of  1  ton  of  rice  alone,  the  total  increase  obtained  was  little  more 
than  one-third  the  weight  of  the  manure  employed. 

Here  again,  then,  ia  the  fourth '  season,  ammonia-salts  alone 
gave  a  very  considerable  amount  of  increase,  and  when  used  in 
conjunction  with  superphosphate  of  lime  the  largest  produce  of 
the  season  was  obtained. 

Fifth  Season,  1847-8. 

November,  December,  January,  and  February  of  the  winter  of 
1847-8  were,  upon  the  whole,  fine  and  mild,  though  there  was 
some  excessively  cold  weather,  with  dry  piercing  winda^  sharp 
frosts,  and  snow  towards  the  end  of  January  and  beginning  of 
February,  and  during  the  remainder  of  the  latter  month  a  great 
deal  of  rain,  but  with  comparatively  high  temperature.  March 
and  April  were  very  wet  and  cold,  excepting  at  the  end  of  the 
former  and  the  beginning  of  the  latter  month,  when  the  weather 
was  finer  and  warmer.  May  was  genial,,  with  little  rain*  June 
and  July  were  unseasonably  wet,  variable  as  to  temperature, 
with  a  good  deal  of  cool,  and  but  little  hot  weather.  August 
also  was  unsettled,  generally  cold,  and  extremely  wet  September 
was  variable  with  some  fine  and  hot  days,  but  a  good  deal  of 
wind  and  low  temperature,  and  towards  the  end  a  good  deal  of 
rain.  In  'June,  July,  August,  and  September,  the  dew-point 
ranged  rather  below  die  average,  more  particularly  in  August ; 
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and  tKe  degree  of  humidity  of  the  air  was,  id  ^une  and  August 
slightly  above,  and  in  July  and  September  slightly  below  the 
ayerage. 

With  such  prevalence  of  cold  and  Wet  weather  during  the 
growing  and  ripening  period,  the  wheat-crop  of  1848  was  re- 
ported to  be  very  deficient  both  in  quantity  and  quality. 

The  manuring  in  the  experimental  field  was  generally  heavier 
than  in  the  preceding  year.  Salts  of  potass,  soda,  and  magnesia, 
were  again  employed  on  many  plots ;  the  amounts  of  superphos- 
phate of  lime,  and  also  of  ammonia-salts,  were  generally  larger ; 
and  the  more  highly  nitrogenised  rape-cake  was  employed  instead 
of  rice.  The  following  Is  a  summary  of  the  results  obtained 
under  the  above  conditions  of  season  and  manuring  : — 

Tabi*«  y.^^uxMABT  of  the  Heflults  of  the  Fifth  Season,  1847-8. 
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With  such  unfavourable  characters  of  season,  the  produce  in 
the  experimental  field  agreed  with  that  of  the  wheat-crop  of 
the  country  generally  in  being  inferior  both  in  quantity  and 
quality.  Although  the  manuring,  both  mineral  and  nitro- 
genous, was  generally  heavier  than  in  1847,  or,  indeed,  than  in 
any  preceding  season,  the  amount  of  produce  was  considerably 
less  man  in  either  1847  or  1846,  and  the  weight  per  bushel  of 
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the  grain  was  also  considerably  lower.  The  deficiency  was  not 
only  in  amount  and  qualityof  grain,  but,  compared  with  1847, 
in  quantity  of  straw  also.  The  defective  action  of  ammonia-salts 
when  used  without  mineral  manure  was  already  observable  in  the 
results  of  1847,  and  it  is  still  more  marked  in  those  of  1848. 
Finally,  500  lbs.  of  ammonia-salts,  in  combination  with  mineral 
manure  containing  not  only  superphosphate  of  lime,  but  also 
potass,  soda,  and  magnesia,  gave  only  about  the  same  amount  of 
grain  in  the  inferior  season  of  1848,  as  300  lbs.  with  superphos- 
phate of  lime  in  1847,  or  even  2  cwts.  with  mixed  mineral 
manure  in  1846. 

Sixth  Season,  1848-9. 

The  early  part  of  October  was  fine  and  mild,  but  the  latter 
part  cold,  with  much  heavy  rain  and  wind  ;  the  beginning  of 
November  was  very  dry  and  cold,  but  the  remainder  of  the 
month,  and  most  of  December,  were  mild,  with  a  good  deal 
of  rain ;  then  frost  set  in,  which  lasted,  with  snow  and  rain, 
till  nearly  the  middle  of  January,  the  remainder  of  which 
month  was  variable  as  to  temperature,  but  generally  very  wet. 
February  was,  for  the  most  part,  fine  and  mild,  until  nearly 
the  end  of  the  month,  when  it  was  much  colder,  very  wet, 
and  very  windy.  March  and  April  were  cold,  and  a  great  deal 
of  rain  fell  in  the  latter  month.  May  was  also  very  wet,  but  fine 
and  warm  at  the  close.  June  was  fine  and  dry,  but  rather  cold. 
July  dry  and  hot  until  towards  the  end,  when  there  were  several 
heavy  thunder-storms.  August  also  was  fine,  with  the  exception 
of  some  thunder-storms.  September  variable,  with  a  good  deal 
of  rain  in  the  early  part.  In  June,  July,  Aug^t,  and  September, 
the  dew-point  was  below  the  average ;  and  the  degree  of  humidity 
of  the  air  was,  in  June  slightly,  but  in  July,  August,  and 
September,  considerably  below  the  average. 

Upon  the  whole,  then,  the  winter  and  spring  of  1848-9  were 
mild,  with  a  good  deal  of  rain,  and  the  summer  and  autumn,' 
with  some  exceptions,  seasonable  and  warm.  The  wheat-crop  of 
the  season  was  reported  to  be  very  abundant. 

The  manuring  for  the  sixth  season  was  much  the  same  as  for 
the  fifth ;  the  chief  alteration  being  the  substitution  of  400  lbs. 
of  ammonianudts  in  most  cases  where  300  lbs.  of  ammomfr-salts 
and  500  lbs.  of  rape-cake  had  been  used  in  the  preceding  year. 

With  generally  favourable  weather  throughout,  and  dry  and 
warm  weather  before  and  about  the  time  of  harvest,  the  result  in 
the  experimental  field,  as  in  the  country  generally,  was  a  wheat- 
crop  above  the  average,  both  as  to  quantity  and  quality.  The 
amount  of  produce  for  a  given  amount  of  manure  was  more  than 
in  1848, 1847,  or  even  1846.     The  weight  per  bushel  of  dressed 


Beport  of  Experiments  on  the  Growth  of  Wheat.  25 


com  was  rather  Iiigber  than  in  any  other  year  of  the  experiments ; 
and  the  proportion  of  com  to  straw  was  mach  above  the  average, 
being  about  the  same  as  in  1846  and  1857,  the  years  of  highest 
yield  of  com  in  proportion  to  straw  throughout  the  20  years,  1844 
excepted,  when  it  was  unusually  high,  but  when,  in  these  experi- 
ments^ the  total  amount  of  produce  was  very  small. 

Tablb  YL— SuiocABY  of  the  Besults  of  the  Sixth  Season,  1848-9. 
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The  season  of  1849  seems  to  liave  been  particularly  favourable 
for  the  action  of  nitrogenous  manures ;  there  being  comparatively 
little  deficiency  where  the  ammonia-salts  were  used  alone,  as 
compared  with  the  result  with  the  same  amount  in  conjunction 
with  mineral  manure ;  and  the  excessive  amounts  of  ammonia 
gave  proportionally  larger  amounts  of  increase  than  in  most  of 
the  other  seasons. 

Seoenih  Season^  1849-50. 

The  autumn  of  1849  was  generally  favourable  for  getting  in 
the  seed.  In  the  early  part  of  December,  and  the  latter  part  of 
January  (1850)  there  was  a  good  deal  of  rain,  and,  intermediately, 
pretty  continued  frost  February  was  fine  and  mild ;  March 
fine,  but  very  cold  ;  April  very  fine  and  seasonable  until  the  last 
week,  when  it  was  much  colder ;  and  May  cold  and  wet  in  the 
early  part,  but  seasonable  afterwards.  June,  July,  August,  and 
September,  were  almost  throughout  unseasonably  cold  ;  and  there 
were  occasional  heavy  rains  in  June  and  July,  but  during 
August,  and  the  greater  part  of  September,  but  little  rain  fell. 
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In  Jiuie,  August,  and  September^  the  dew-point  was  jrather 
below,  but  in  July  rather  above  the  average ;  and  the  d^^ree  of 
humidity  of  the  air  was  in  June  considerably-  below,  in  July  and 
August  somewhat  above,  and  in  September  somewhat  below  the 
average* 

The  harvest  was  late,  the  wheat-crops  much  laid,  and  the  yield 
per  acre  was  estimated  to  be  below  the  average. 

With  few  exceptions,  which  it  is  not  necessary  to  notice  nere^ 
the  manures  applied  in  the  experimental  field  were  much  the 
same  as  in  the  two  preceding  seasons.  The  following  is  a  sum- 
mary of  the  results : — 

Table  VII. — Summabt  of  the  Results  of  the  Seventh  Season,  1849-50. 
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Rape-cake ;  mean  of  2  experiments  (Plots  7a 
and  76)        


PboDUCK  FEB  ACSE.  &C. 


Dressed  Goni. 


Qtumtity. 


BuBh.  Pk& 
15    3} 


28 
19 

26 


2 
li 


30     Si 


80    1} 


32     0} 


Weight 

per 
Btiflbel. 


60«6 
61-9 
60-8 

60-2 


61*0 


60*4 


61-1 


rrotti 


lbs. 
1002 
1861 
1220 

1721 


1991 


1996 


2123 


Sfamw 

Bod 

Chaff. 


lbs. 
1719 
3245 
2037 

3089 


4063 


4442 


4883 


Under  the  influence  of  .the  cold  and  unsettled  summer  of  1850, 
the  produce  of  com  in  the  experimental  field  was  several  bushels 
l^ss  than  under  parallel  conditions  of  manuring  in'  1849,  but  that 
of  straw  was  considerably  more ;  and  the  weight  per  bushel  of 
diessed  corn,  though  much  lower  than  in  1849  and  several  other 
years,  was  above  the  average  of  the  20  years. 

The  proportion  of  increase  when  ammonia^salts  were  used 
alone  was  even  greater  than  in  some  of  the  earlier  years ;  in  &cty 
only  2  bushels  per  acre  less  than  where  the  same  amount  of  am*^ 
monia-salts  was  used  in  conjunction  with  mineral  manure ;  the 
quantity  of  straw  was,  however,  proportionally  much  greater 
where  the  mineral  manure  was  also  employed.     Again,  unlike 
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the  redolt  of  1849,  500  lbs.  of  ammonia-salts  (with  mineral 
manure)  gare  scarcely  as  mnch  grain  as  400  lbs.,  but  considetably 
more  straw  than  the  latter. 

Upon  the  whole,  the  experimental  crop  was  probably  not  so 
faf  inferior  to  {he  average  as  the  wheat-crop  of  the  country  was 
generally  estimated  to  be ;  but  under  the  influence  of  the  cold 
and  unsettled  summer  the  tendency  of  high  manuring  was  to 
gire  a  deficient  amount  of  gjain,  and  an  excessive  proportion  of 
straw. 

Eighth  Season^  1850-1 

October  (1850)  was  very  fine,  but  very  cold;  November, 
December,  and  January  (1851)  were,  upon  the  wbole,  fine  and 
mild.  February  was  generally  fine,  but  cold.  March  was,  for 
the  most  part,  wet,  cold,  and  windy.  In  April  there  was  a 
good  deal  of  rain,  and  the  temperatures  were  low  during  the 
first  half  of  the  month.  May  and  the  greater  part  of  June  were 
dry,  but  unseasonably  cold ;  July  was  also  colder  than  usual,  and 
daring  the  month  a  good  deal  of  rain  fell  heavily  at  intervals. 
August  was  very  fine  until  nearly  the  end  of  the  month,  when 
heavy  rain  fell.  September  was  fine  throughout,  but  with  rather 
low  temperatures.  In  June,  July,  August,  and  September,  the 
dew-point  ranged  low,  but  in  August  less,  and  in  September  more 
so,  than  in  the  other  months ;  the  degree  of  humidity  of  the  air 
also  was,  in  each  of  these  months,  below  the  average — less  so  in 
June  and  July  than  in  August^  and  considerably  less  in  August 
than  in  September. 

Upon  the  whole,  therefore,  the  winter  was  mild,  the  spring  and 
a  great  part  of  the  summer  were  cold  and  unsettled,  but  the 
ripening  and  harvest  periods,  though  cold,  were,  upon  the  whole, 
fine  and  dry.  The  wheat-crop  of  the  country  was  considered 
to  be  decidedly  above  that  of  1850,  both  in  quantity  and  quality, 
but  inferior  to  that  of  1849,  especially  in  quantity. 

In  the  experimental  field  the  allotment  of  manures  was  much 
the  same  as  in  several  preceding  seasons ;  the  chief  alteration  being 
that  in  a  few  cases  tne  amounts  of  ammonia-salts  and  of  rape- 
cake  were  increased.  In  one  instance  in  this  season  (Plot  16a), 
as  also  in  the  two  succeeding  seasons,  common  salt  was  employed, 
for  the  results  of  which  the  reader  is  referred  to  the  Appendix 
Tables  VIII.,  IX.,  X.,  and  XI.,  pp.  xvi-xxi. 

Under  the  influence  of  the  prevailing  cold  and  ungcnial  grow- 
ing'period  of  1851,  the  amounts  of  gross  produce,  corn  and  straw 
together,  were,  under  like  conditions  of  manuring,  not  very  dif- 
ferent from  those  of  1850  and  1849 ;  but  the  proportion  of  com 
to  straw  was  somewhat  higher  than  in  1850,  though  in  a  greater 
degree  lower  than  in  1849.     Indeed,  the  results  in  the  experi^ 
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Tablb  VIIL— Summabt  of  the  Besults  of  the  EtGHTH  Sbaboh,  1850-61  • 


MAxmoEs. 
(QnantitleB  per  Acre.) 


Unmanured  (Plot  3)     

14  tons  Farmyard  Manure  (Plot  2)    .. 

Mineral  Manure  alone ;  mean  of  2  experiments  ( 
(PloteOand  1) 

400 11».  AmmoniaHsalts  (equal  parts  Sulphate 
and  Muriate),  Plot  10a 

200  lbs.  Ammonia-salts  (equal  parts  SuIphateV 
and  Muriate),  and  Mineral  Manure  (Plot  86)  / 

400  lbs.  Ammonia-salts  (equal  parts  Sulphate] 
and  Muriate),  and  Mineral  Manure :  mean  of  I 
12  experiments  (Plots  6a,  66,  Ua,  116,  12a,| 
126,  13a,  136,  14a,  146,  17a,  and  176)      ..      ..j 

600  lbs.  Ammonia-salts  (equal  parts  Sulphate) 
and  Muriate),  and  Mineral  Manure ;  mean  of 
4  experiments  (Plots  5a,  56,  1 6a,  and  166)     .. 

400  lbs.  Ammonia-salts  (equal  parts  Sulphate  and 
Muriate),  Mineral  Manure,  and  1000  lbs.  Rape- 
cake  ;  mean  of  2  experiments  (Plots  7a  and  76)  | 


VMooat  ras  Acai,*a 


DresBcdOom. 


Qoantitj. 


Biufa.  rks. 

15  3} 

29  2| 

18  2} 

28  3^ 

27  2J 

31  2} 

36  3} 

37  Oi 


Weight 
BmbeL 


lbs. 
61*1 
63*6 

61-8 
61*9 
62*6 

C2*8 

63-4 
63«0 


Total 
Oom. 


Straw 


Uml    lbs. 
1083   1627 
2049 


1274 
1966 
1863 

2155 

2521 
2528 


3094 
1854 

3070 
2830 

3511 

4248 
4444 


mental  field  agreed  with  the  estimates  of  the  wheat-crop  over  the 
country  generally,  in  showing  the  order  of  the  highest  grain* 
yielding  quality  of  the  three  seasons  to  have  been  1849,  1851, 
1850,  and  that  of  the  highest  straw-producing  character  to  have 
been,  on  the  other  hand,  1851,  1850,  and  1849.  The  amount  of 
produce,  both  corn  and  straw,  was,  however,  below  the  average 
of  the  20  years  of  experiment ;  though  the  proportion  of  com  to 
stmw  was  fully  equal,  and  the  weight  per  bushel  of  the  grain 
considerably  above  the  average,  these  favourable  characters  being 
doubtless  due  to  the  prevailing  dry  weather  during  the  maturing 
and  harvest  periods. 

The  season  was,  upon  the  whole,  pretty  favourable  for  the 
action  of  nitrogenous  manures,  the  difference  between  the  produce 
by  ammonia-salts  when  used  alone,  and  in  conjunction  with  mi-» 
ncral  manures,  being  less  than  frequently ;  whilst  600  lbs.  of 
ammonia-salts  (with  mineral  manure),  though  an  excessive 
amount  for  the  average  of  seasons,  gave  not  very  &r  short  of  the 
same  amount  of  increase  of  com  for  a  given  quantity  of  ammonia 
employed  as  when  only  400  lbs.  were  used.  Both  diese  amounts, 
however,  gave  proportionally  much  less  increase  than  only 
200  lbs. 
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As  already  explained^  and  indicated  by  the  few  comments  made 
on  the  resaltSy  the  anungement  of  the  manures  of  the  first  eight 
seasons  was  determined  on  each  year  with  reference  to  certain 
indiyidual  points,  regard  being  at  the  sam^  time  paid  to  the 
preTious  manuring  and  produce  of  the  respective  plots,  and  much 
more  uniformity  observed  from  year  to  year  in  the  later  years. 
From  this  time  forward,  it  was  sought  to  bring  the  whole  of 
the  plots  still  more  strictly  into  comparison  one  with  another, 
each  year,  and  through  a  series  of  years,  in  order  to  trace,  by  the 
ooDJoint'^aid  of  the  field-results  and  analysis,  the  relative  excess, 
or*deficiency,  of  the  available  supply  of  llie  different  constituents 
required  by  the  crop,  year  by  year,  and  through  a  long  course  of 
years.  To  this  end,  in  the  ninth  and  eleven  succeeding  years, 
the  manure  has  been,  with  a  few  special  exceptions,  the  same 
firom  year  to  year  on  the  same  plot.  The  only  exceptions  requiring 
notice  here  are,  that  the  manures  of  Plots  17  and  18  are  annually 
transposed,  and  that  in  the  sixteenth  and  succeeding  seasons  some 
of  the  mineral  manures  were  reduced  in  quantity  per  acre  on  all 
the  plots  where  they  had  been  previously  applied. 

Appendix  Table  IX.,  p.  xviii,  shows,  in  a  tabular  form,  the 
manure  applied  to  each  plot,  in  each  of  the  last  12  years  of  the 
experiments;  but  it  will  be  well  to  give  a  more  explanatory 
statement  of  the  description  and  arrangement  of  the  manures  in 
this  place.  In  doing  so  the  plots  will  not  be  enumerated  in  the 
same  order  as  in  the  field,  and  in  the  Appendix  Tables,  but  in 
such  as  will  best  indicate  die  points  of  comparison  which  it  was 
sought  to  establish  by  the  arrangement  adopted. 

The  plan,  description,  and  quantities  per  acre  per  annum.  Cor 
the  12  years  (1852-63),  were  as  follows : — 

Plot  2. — 14  tons  fiEmnyard  manure  (also  for  the  eight  preceding  years). 

Plot  8. — ^Unmanured  (also  for  the  eight  preceding  years). 

Plot  20. — ^Unmanured  (also  for  five  preceding  years),  duplicate  at  the 

other  side  of  the  field. 
Plot  4. — Unmanuied  (sulphate  of  ammonia,  and  bone-ash  acted  upon 

by  hydrochloric  acid,  for  seven  preceding  years). 
Plot  0. — Superphosphate  of  lime  alone ;  composed  of  600  lbs.  bone-ash 
and  450  lbs.  sulphuric  acid,  sp:  gr:  1*7  (also  for  three  preceding  years). 
Plot  1. — Mixed  alkalies ;  composed  of  600  lbs.  sulphate  of  potass, 
400  lbs.  sulphate  of  soda,  and  200  lbs.  sulphate  of  magnesia  (also 
for  three  preceding  seasons) ;  reduced  to  400,  200,  and  200  lbs. 
respectively,  in  the  sixteenth  and  succeeding  seasons. 
Plots  5  (a  and  5). — ^Mixed  mineral  manure ;  composed  of — 
800  lbs.  sulphate  of  potass. 
200  lbs.  sulphate  of  soda. 
100  lbs.  sulphate  of  magnesia. 

200  lbs.  bone-ash    • 1  ,       1.1     «i*_ 

160  IbB.  BBlphmio  Mid.  8p>  gr.  1-7 }  "perphoeplwte  of  lime. 
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In  the  sixteenih  and  sacceeding  Beaaons  the  solphato  of  potas 
was  reduced  to  200  lbs.,  and  the  sulphate  of  soda  to  100  lbs. 

Plot  21. — ^Mized  mineral  manure,  as  Plots  5,  and  100  lbs.  muriate  of 
ammonia. 

Plot  22. — ^Mixed  mineral  manure,  as  Plots  5,  and  100  lbs.  sulphate  of 
ammonia. 

Plots  6  (a  and  h), — ^Mized  mineral  manure,  a^  Plots  6,  and  100  lbs.  each, 
sulphate  and  muriate  of  ammonia. 

Plots  7  (a  and  6). — ^Mixed  mineral  manure,  as  Plots  5,  and  200  lbs.  each, 
sulphate  and  muriate  of  ammonia. 

Plots  8  (a  and  b). — ^Mixed  mineral  ma&uie,  as  Plots  6,  and  300  lbs.  each, 
sulphate  and  muriate  of  ammmiia. 

Plots  16  (a  and  h). — ^Mixed  mineral  manure,  as  Plots  6,  and  400  Iba. 
each,  sulphate  and  muriate  of  ammonia. 

Plots  17  (a  and  h), — 200  lbs.  each,  sulphate  and  muriate  of  ammonia 
in  the  ninth  and  every  alternate  season ;  and  nuxed  mineral  manure, 
as  Plots  5,  in  every  intermediate  season. 

Plots  18  (a  and  h,) — ^Mixed  mineral  manure,  as  Plots  5,  in  the  ninth 
and  every  alternate  season ;  and  200  lbs.  each,  sulphate  and  muriate 
of  ammonia  in  every  intermediate  season. 

Plot  10  a. — 200  lbs.  each,  sulphate  and  muriate  of  ammonia  (ammonia- 
salt  alone  also  in  the  seven  preceding  seasons,  succeeding  silicate 
of  potass  and  superphosphate  of  lime  in  the  first  season). 

Plot  10  h. — 200  lbs.  each,  sulphate  and  muriate  of  ammonia  (the  fiame 
in  the  eighth  season,  mixed  mineral  manure  in  the  seventh,  ammonia- 
salts  in  Uie  sixth,  ammonia-fialts  and  mixed  mineral  manure  in  the 
fifth,  ammonia-salts  in  the  fourth,  uimmnured  in  the  third,  ammonia- 
salts  in  the  second,  and  silicate  of  potass  and  superphosphate  of 
lime  in  the  first  season). 

Plots  11  (a  and  5). — 200  lbs.  each,  sulphate  and  muriate  of  anunonia, 
and  superphosphate  of  lime  as  Plots  5. 

Plots  12  (a  and  S). — 200  lbs.  each,  sulphate  and  muriate  of  ammonia, 
superphosphate  of  lime  as  Plots  5,  and  560  lbs.  sulphate  of  soda 
(reduced  to  366  lbs.  in  the  sixteentli  and  subsequent  seasons). 

Plots  13  (a  and  &). — 200  lbs.  each,  sulphate  and  muriate  of  ammonia, 
superphosphate  of  lime  as  Plots  5,  and  300  lbs.  sulphate  of  potass 
(reduced  to  200  lbs.  in  the  sixteenth  and  subsequent  seasons). 

Plots  14  (a  and  5). — 200  lbs.  eiach,  sulphate  and  muriate  of  ammonia, 
superphosphate  of  lime  as  Plots  5,  and  420  lbs.  sulphate  of  magnesia 
(reduced  to  280  lbs.  in  the  sixteenth  and  subsequent  seasons). 

Plot  9  a. — 550  lbs.  nitrate  of  soda,  and  mixed  mineral  manure  as 
Plots  5  (only  475  lbs.  nitrate  in  the  ninth,  and  275  lbs.  in  the 
tenth  and  eleventh  seasons,  and  no  mineral  manure  in  the  ninth, 
tenth,  and  eleventh  seasons,  commencing  only  in  the  twelfth). 

Plot  9  b, — 550  lbs.  nitrate  of  soda  alone  (only  475  lbs.  in  the  ninth, 
season). 

Plot  15  a. — ^Mixed  mineral  manure,  as  Plots  5  (but  with  200  lbs. 
hydrochlorio  instead  of  150  lbs.  sulphuric  acid),  and  400  lbs. 
sulphate  of  ammonia. 

Plot  16  h* — ^Mixed  mineral  manuze,  as  £*lota  6  (bi^t  with  200  lbs* 
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hydiodhlorio  instead  of  150  lbs.  fiaLphnrio  aoid),  800  Iba  sulphate 
of  ammoma,  and  500  lbs.  rape-cake. 
Plot  19.— 200  lbs.  bone^ash,  200  lbs.  hydrochlorio  acid,  800  lbs.  sul- 
phate of  ammoTiia,  and  500  lbs.  rape-cake. 

The  sulphates  of  potass,  soda,  and  ammonia,  the  muriate  of 
ammonia,  and  the  nitrate  of  soda,  were  the  ordinary  articles  of 
commerce  passing  under  those  names ;  the  sulphate  of  magnesia 
was  Epsom  salts.  In  the  following  Tables,  and  discussion,  the 
term  ** ammonia-salts"  will,  for  brevity,  be  employed  to  desig- 
nate the  equal  mixture  of  the  sulphate  and  muriate  of  ammonia. 

The  only  exception  to  the  above  statement  of  manuring  for 
each  of  the  last  12  years  is,  that  in  the  first  two  of  them,  namely, 
1852  and  1853  (and  also  in  the  immediately  preceding  year, 
1851),  chloride  of  sodium,  or  common  salt,  at  the  rate  of  3  cwts. 
per  acre  per  annum,  was  applied  to  Plot  16  a,  in  addition  to  the 
manures  enumerated  above  for  that  plot 

In  the  few  comments  which  now  follow  on  the  produce  of  each 
separate  season,  with  the  view  of  showing  the  varying  effects  of 
one  and  the  same  manure  according  to  season,  but  little  reference 
will  be  made  either  to  the  varying  condition  of  the  different  plots 
due  to  the  varying  character  of  the  manuring  during  the  pre- 
ceding eight  years,  or  to  that  attributable  to  use  of  the  same 
manure  year  after  year  on  the  same  land  ;  leaving  the  important 
question  of  the  limit,  or  degree,  of  the  effect  of  accumulation  or 
exhaustion  from  previous  manuring  and  cropping  on  the  pro- 
duce of  succeeding  seasons,  for  entirely  separate  consideration 
further  on. 

Ninth  Season,  1851-52. 

October  (1851)  was,  for  the  most  part,  fine  and  mild ;  No- 
vember fine,  but  very  cold ;  December  less  severe  ;  January  and 
February  (1852)  mild,  with  a  good  deal  of  rain ;  March  dry  and 
clear,  but  cold  and  frosty ;  April  dry,  with  some  hot  sun,  but  a 
good  deal  of  cold  east  wind ;  May  variable,  but  with  a  good  deal 
of  cold  east  wind  ;  June  very  wet  and  cold ;  July  very  hot,  with 
several  heavy  ^understorms  ;  August,  fine  at  the  beginning,  very 
wet  in  the  middle,  and  fine  and  hot  at  the  end  ;  Septemb^,  fine 
until  the  6tfa,  when  there  was  a  heavy  thunderstorm,  with  a  good 
deal  <rf  rain,  the  rest  of  the. month  being  variable,  with  pre- 
vailing low  temperatures,  but  upon  the  whole  not  unfavourable. 
In  June  the  dew-point  was  below,  but  the  degree  of  humidity 
of  the  air  slightly  above  the  average ;  in  July  the  dew-point 
was  above,  but  the  degree  of  humidity  considerably  below  the 
average;  and  in  August  and  September  both  dew-point  and 
degree  of  humidity  were  notably  below  the  average. 

The  winter  was,  therefore,  upon  the  whole,  fiivouraUe ;  the 
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spring  dry,  cold,  'and  backward ;  the  early  summer  rainy  and 
cold,  and  die  maturing  period  variable,  with  a  good  deal  of  hot 
wcadier,  and  some  heavy  storms. 

The  wheat-crop  was  reported  to  be  generally  not  deficient  in 
bulk,  but  in  many  districts  much  blighted,  mildewed,  and  grown, 
the  result  being  a  yield  considerably  below  the  average. 

In  the  following  Table  is  given  such  a  selection  of  the  experi- 
mental results  as  will  best  illustrate  the  influence  of  the  season 
on  the  productive  effects  of  the  different  descriptions  of  manure 
employed ;  and  all  future  summaries  given  to  illustrate  the 
characters  of  the  seasons  will  relate  to  the  produce  of  the  same 
plots. 

1'able  IX.— SnuMARY  of  the  Kesults  of  the  Ninth  Season,  1851^2. 


PBOOOCB  FEB  Acsi^  te. 

MAvrnnM. 

Dressed  Corn. 

Totsl 
Corn. 

(Quantities  per  Acrv.) 

1 

J  QnanUtj. 

1 

Weigbt 

per 
BoaheL 

Straw 
and 

Chaff. 

Unmanored  (Plot  3) .. 

14  tons  Farmyard  Manure  (Plot  2)     ..     .r     .. 
400  lbs.  Ammonia-salts  alone  (Plot  10a)    ..     .. 
Mixed  Mineral  Manare  alone  (mean  of  Plots  5a 

and  56)        

Mixed  Mineral  Mannre,  and  100  lbs.  Ammonia-1 

salu  (mean  of  Plots  21  and  22)       / 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia- \ 

salts  (mean  of  Plots  (la  and  66)       j 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-) 

salts  ^mean  of  Plots  la  and  76)        / 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia- 1 

salts  (mean'of  Plots  8a  and  86)       / 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-^ 

salts  (mean  of  Plots  16a  and  166) / 

Dash.  Fks. 
13     3i 
27     2} 
21     3i 

16     3} 
19     2 

1  20     3} 
1  26     3 
27     2 
I  28     1{ 

lbs. 
56*6 

58*2 
55*9 

57-4 
66-4 
57«5 
55-9 
55-9 
54-7 

lllSu 

860 
1716 
1320 

1052 
1177 
1294 
1629 
1675 
1747 

Ibt. 
1597 
3457 
2787 

1968 
2144 
2593 
3811 
3789 
4646 

The  unmanured  produce  of  grain  was  the  lowest  yet  obtained, 
and  below  the  average  of  the  20  years.  The  effect  of  a  given 
amount  of  ammonia-salts,  whether  alone  or  in  conjunction  with 
mineral  manure,  was  very  much  below  the  average,  especially  so 
far  as  the  production  of  grain  was  concerned,  and  wnere  large 
quantities  were  used.  Even  the  produce  of  straw  was  con« 
siderably  below  the  average  obtained  under  like  conditions  of 
manuring ;  but  much  more  so  where  the  small  than  where  the 
large  amounts  of  ammonia-salts  were  employed.  The  weight 
per  bushel  of  dressed  com  was  also  throughout  very  low,  but 
especially  so  in  the  case  of  the  heavier  crops. 

Upon  the  whole,  the  produce  of  the  experimental  field  was  the 
worst  yet  obtained* 
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Tenth  Seaeon,  1852-3. 

October  and  November  (1852)  were  very  wet,  and,  the  latter 
month  particularly,  very  unseasonably  warm ;  December  and  the 
first  half  of  January  (1853)  were  also  unseasonably  mild  with  a 
good  deal  of  rain ;  the  rest  of  January,  February,  and  March, 
were  very  cold  with  a  good  deal  of  east  and  north-east  wind,  and 
some  snow ;  April  and  May  were  for  the  most  part  cold  and 
wet,  with  the  exception  of  a  short  period  in  the  middle  of  each 
month  ;  June  variable,  with  a  good  deal  of  rain  and  cold  wind  ; 
the  greater  part  of  July  was  excessively  wet  with  low  tempera- 
tures, but  the  end  of  the  month  and  the  beginning  of  August 
were  fine ;  the  remainder  of  August  and  September  were  dull, 
unsettled,  wet,  and  cold.  Both  the  dew-point  and  degree  of 
hamidity  of  the  air  were  generally,  and  especially  the  latter, 
sometimes  considerably  below  the  average  in  June,  July,  August, 
and  September. 

In  consequence  of  the  very  unfavourable  seed-time  the  breadth 
of  land  under  wheat  was  much  reduced,  and  the  crop  of  1853 
was  reported  to  be  far  inferior  to  that  of  any  season  for  many 
years  past.  ^ 

In  tne  experimental  Aeld  it. was  foupd  impossible  to  work  the 
land,  and  sow  the  manures  and  seed,  until  February  and  March, 
1853.  The  following  is  an  abstract  of  the  results  obtained  from 
this  spring-sown  crop : — 

Table  X. — Summary  of  Uio  Results  of  the  Tenth  Season,  1852-3. 


(QiuuiUa«i  per  Acre.) 


Pboohtck  pbb  Acbi,  1-a 


Unouuiiired  (Plot  3)      • 

14  tons  Farmyard  Manure  (Plot  2) 

400  lbs.  Ammonia-sal tB  alone  (Plot  lOa)    ..     •• 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a) 

and  66)        ] 

Mixed  Mineral  Manure,  and  100 lbs.  Ammonia-) 

salts  (mean  of  Plots  21  and  22)       j' 

Mixed  Mineral  Mannre^  and  200  lbs.  Ammonia-V' 

salts  (mean  of  Plots  6a  and  66}       /!; 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-V 

salts  ^mean  of  Plots  la  and  76)       ] 

Mixed  Mineral  Manure,  and  600 lbs.  Ammonia-) I' 

salts  (mean  of  Plots  8a  and  86)        ):. 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia- r! 

salts  (mean  of  Plots  16a  and  166) / 


Dreoed 

Oorn* 

Weight 

per 
BosbeL 

Total 
Corn. 

Entity. 

6     3i 

19     Oi 

9     3| 

Ita. 
45-9 
51-1 
48*6 

lbs. 

859 

1120 

642 

10     OJ 

48-6 

599 

11     2) 

49*8 

673 

18     0} 

51-5 

1030 

23     2i 

52-0 

1363 

23     1} 

51-8 

1386 

25    Oi 

52*3 

1517 

Btmw 

aod 

Chaff. 


lbs. 
1413 
3372 
2049 

2040 
2021 
2788 
3738 
3947 
4962 
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Bad  as  was  the  resolt  obtained  in  the  experimental  field  in 
1852,  it  was  very  much  worse  in  1853 ;  indeed*  it  was,  in  the 
latter  year,  tlie  worst  in  almost  every  particular  throughout  the 
whole  20  years  of  the  experiments. 

Without  manure,  with  farmyard  manure,  and  with  the  difierent 
artificial  manures,  the  produce  of  grain  was  considerably  less, 
and  the  quality  worse,  than  in  any  other  year.  The  season  was 
very  unfavourable  for  the  action  of  ammonia-salts,  especially  so 
far  as  the  production  of  grain  was  concerned;  though,  as  in 
1852,  there  was  a  considerable  growth  of  straw  under  the  influ- 
ence of  the  heavier  ammoniacal  dressings.  The  weight  per 
bushel  of  dressed  corn  was  extraordinarily  low  ;  being  in  several 
instances  below,  and  in  none  much  above  50  lbs, 

Eleventh  Season^  1858-4. 

The  latter  end  of  October,  and  November  (1858),  were  gene- 
rally favourable ;  December,  and  January  and  February  (1854), 
were  upon  the  whole  unusually  severe,  with  a  good  deal  of  snow, 
excepting  that  the  middle  and  latter  part  of  January,  and  the 
end  of  February,  were  comparatively  mild  and  fine ;  March  and 
the  greater  part  of  April  were  very  fine,  but  at  the  end  of  the 
latter  month  there  was  unusually  severe  frost  for  the  period,  and 
a  good  deal  of  cold  north  wind ;  May  was  variable,  generally 
cold,  and  backward,  with  a  good  deal  of  rain ;  June  was  gene- 
rally fine,  but  cold  ;  the  first  half  of  July  was  also  cold  with  a 
moderate  amount  of  rain,  then  came  a  week  or  two  of  fine  hot 
weather,  which  was  succeeded  by  thunder-storms  and  heavy 
rain ;  the  beginning  of  August  was  wet,  the  middle  fine  though 
not  warm,  but  the  end  dry  and  hot;  September  was  almost 
throughout  fine  and  f{#ourable  for  getting  in  the  crops,  with 
high  day,  though  low  night  temperatures.  In  June,  July,  August, 
and  September,  the  dew-point  was  below  the  average ;  and  the 
.degree  of  humidity  of  the  air  was,  in  June  above,  in  July  about, 
and  in  August  and  September  below  the  average. 

Upon  the  whole,  then,  the  period  of  seed  time  had  been 
favourable ;  the  winter  was  unusually  severe ;  the  early  spring 
favourable,  but  succeeded  by  cold  and  unseasonable  weather  until 
the  middle  of  July,  from  which  time,  however,  until  harvest,  the 
period,  though  changeable,  embraced  some  fine  maturing  and 
harvest  weather. 

With  these  characteristics,  by  no  means  continuously  feivour- 
able,  the  harvest  of  1854,  though  late,  was,  particularly  so  far 
as  wheat  was  concerned,  ope  of  t|ie  largest  yipld  per  acre  for 
many  years  past 
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As  the  fdllowing  summary  will  fthow,  the  jNroduce  of  the 
perimental  field  quite  bore  out  this  character. 

Tablb  XI. — SuKMABT  of  the  Results  of  the  Eleventh  Season,  1853-4. 


Pboducb  FEB  AcRs;  ho. 

Masubes. 

Dressed  Coni. 

1 

Total 
Corn. 

(QoantitleB  per  Acre.) 

Qnantlty. 

Weight 

per 
Bushel. 

Straw 

and 

Chair. 

Unmaanred  (Plot  3)      

14  tons  Farmyard  Manure  (Piqt  2)     ..     ..     .. 

400  lbs.  Ammonia-fialts  alone  (Plot  lOa)    .. 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a\ 

and  56)        / 

Mixed  Mineral  Mannre,  and  100  lbs.  Ammonia-1 1 

salts  rmean  of  Plots  21  and  22)        / 

Mixed.Minerai  Manure,  and  200  lbs.  Ammonia-1 

salts  (mean  of  Plots  6a  and  66)      ; / 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-^ 

salts  (mean  of  Plots  la  and  76)        / 

Mixed  Mineral  Manure,  and  ^  lbs.  Ammonia- 1 

salts  (mean  of  Plots  8a  and  86)        

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-) 

salts  (^mean  of  Plots  16a  and  166)    « j 

Basil.  Pks. 
21     Oi 
41     Oi 
34     l| 

24    Of 
31     3| 
34     Oi 
45     2 

48  2\ 

49  8} 

lbs. 
60-6 
62-5 
60-5 

61-3 
61-1 
61*8 
61-8 
61-6 
61-7 

lbs. 
1359 
2675 
2211 

1555 
2012 
2213 
2947 
3137 
3262 

Ihs. 
2137 
4450 
3597 

2512 
3390 
3950 
5550 
6126 
6669 

Thus,  the  experimental  wheat-crop  of  1854,  the  eleventh  in 
snccession  on  the  same  land,  was  by  far  the  best  hitherto  ob- 
tained, and  nearly  the  best  throughout  the  20  years.  The 
weight  of  grain  per  acre  was  generally  more  than  double  that  of 
the  bad  season  of  1853  under  parallel  conditions  of  manuring ;  it 
was  about  equal  to  that  of  1857 ;  and  not  far  short  of  that  of  the 
extraordinary  season  just  past,  1863.  In  weight  of  straw,  indeed, 
the  crop  of  1854  far  exceeded  that  of  1857,  and  nearly  ap- 
proached that  of  1863.  The  weight  per  bushel  of  dressed  com 
was  also  considerably  above  the  average,  above  that  of  1857, 
and  little  short  of  that  of  1863.  The  crop  was,  then,  upon  the 
whole,  far  above  the  average  in  quantity  bc^  of  com  and  straw, 
and  in  quality  of  the  former. 

The  produce  of  com  per  acre  by  ammonia-salts  alone,  although 
it  was  the  tenth  year  of  their  application  on  the  same  plot 
without  mineral  manure,  was  greater  than  in  any  preceding  year ; 
and,  as  will  be  seen  further  on,  the  increase  obtained  for  a  given 
amount  of  ammonia  supplied,  was,  throughout  the  plots,  con- 
siderably more  than  in  the  average  of  seasons.  And,  notwith- 
standing the  season  was  so  favourable  for  the  action  of  nitrogenous 
manures,  it  was  even  better  than  the  rival  years  of  1857  and 
1863  for  the  development  of  the  unmanuredi  and  only  mineral* 
inanured  crops. 
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Upon  the  whole,  then,  consistently  with  the  chaiacter  of  the 
crop  over  the  country  generally,  the  experimental  wheat-crop  of 
1854  was  as  remarkable  for  superiority  in  almost  every  parti- 
cular, both  of  quanti^  and  quality,  as  that  of  1853  had  been  in 
the  opposite  direction. 

Tivelfth  Seaeoriy  1851-5. 

The  autumn  of  1854  was,  upon  the  whole,  fine  and  season- 
able ;  December,  and  the  first  half  of  January  (1855),  were  fine 
and  generally  mild.  Then  came  severe  frost  and  deep  snow,  and 
the  frost,  widi  occasional  snow,  rain,  and  thaw,  lasted  with  more  or 
less  severity,  through  February  and  March.  The  beginning  and 
end  of  April  were  also  cold  and  frosty,  and  the  month  was  more 
or  less  windy  throughout,  with  dry  east  winds  at  the  close.  May 
and  June  were  for  the  most  part  very  cold  and  dry,  with  the  excep- 
tion of  a  short  interval  in  the  middle  of  that  period,  and  the  end 
of  June,  which  was  very  hot ;  July  was  very  variable  with  many 
fine  hot  days,  but  with  severe  thundev-storms,  and,  upon  the 
whole,  a  great  excess  of  rain.  The  beginning  of  August  was 
also  wet,  but  the  remainder  of  the  month  was  fine ;  September 
also  was  fine,  but  cool.  In  June,  August,  and  September,  both 
the  dew-point  and  the  degree  of  humidity  of  the  atmosphere 
ranged  low,  but  in  July  both  were  somewhat  in  excess  of  the 
average. 

Thus,  the  latter  part  of  the  winter,  and  the  early  spring,  were 
extremely  severe ;  the  remainder  of  the  spring  and  the  early 
summer  cold  and  dry ;  July  was  very  variable,  with  a  great  deal 
of  rain,  and  a  rather  humid  atmosphere;  but  the  maturing 
and  harvest  periods  were  more  favourable.  With  these  cha* 
racters  of  season,  the  wheat-crop  of  1855  was  reported  to  be 
much  less  abundant  than  that  of  1854,  and  the  quality  very 
various. 

The  experimental  crops  without  manure,  by  farmyard  manure, 
by  mineral  manure  alone,  and  by  mineral  manure  in  conjunction 
with  the  smaller  amounts  of  ammonia-salts,  were  fully  equal 
to  the  average  of  the  12  years  in  amount  both  of  grain  and 
straw;  but  those  grown  under  the  influence  of  the  heavier 
ammoniacal  dressings  were  below  it  in  both  respects.  The 
proportion  of  com  to  straw,  and  the  weight  per  bushel  of 
dressed  com,  were  both  rather  over  than  under  the  averag^e 
of  the  12  years.  So  far  as  the  experimental  plots  were  con-* 
cemed,  therefore,  the  season  of  1855  was  of  average  produc- 
tiveness with  moderate  manuring,  but  it  was  unfavourable  for 
high  manuring,  and  for  the  growth  and  maturation  of  large 
crops. 
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The  following  Table  shows  the  character  of  the  results  ob- 
tained in  the  experimental  field  :•—    f 

Tabus  XII.— Suxmabt  of  the  Resnlta  of  the  Twblfth  SsAflOKy  1854-5. 


PaooucB  rsB  Acbi^  ftc. 

MiKUBak  ' 

DraaaodOom. 

Total 
Oorn. 

(QoaatUiMperAcra.) 

QoanUty. 

Wd^t 

per 
BaalMl. 

Stnw 
and 

Obaff. 

• 

UomsDared  rPlot  3^      •     •• 

Bnali.  Fkt. 

17  0 
84     2} 
19     3i 

18  U 
24    2} 
28    0 
33    0 

31  2 

32  3{ 

ll«. 
59-2 

62 -a 

571 
60-0 

60-5 

60-6 

59-5 

58-8 

*58-2 

1072 
2237 
1285 

1150 
1543 
1782 
2111 
2031 
2108 

Iba. 
1787 

14  tons  Farmyard  Manure  (Plot  2) 

400  lbs.  Ammonia-salto  alone  (Plot  lOa)    ..     .. 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a  1 

and  56)        / 

Mixed  Mineral  Mannre,  and  100  lbs.  Ammonia-\ 

8alU(meanof  Plot6  21  and22)       j 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia-1 

salts  (mean  of  Plots  6a  and  66)        J 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-'^l 

salts  (mean  of  Plots  7a  and  76)       /; 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia-) ' 

salts  (mean  of  Plots  8a  and  86)        ]\ 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-) 

salts  (mean  of  Plots  16a  and  166) 

3845 
2512 

1820 
2438 
2937 
4035 
4090 
47G3 

Thirteenth  Season^  1855-6. 

In  October  (1855)  a  great  deal  of  rain  fell ;  November  was 
generally  fine,  but  cold.  The  greater  part  of  December  was 
extremely  cold,  with  severe  frosts,  some  snow,  and  piercing  east 
winds,  but  the  end  of  the  month  was  warm.  January  (1856) 
was  very  variable,  but,  upon  the  whole,  mild,  as  was  also 
February ;  March  dry  and  cold,  with  piercing  north-east  winds ; 
April  and  May  generally  cold,  and  May  particularly  very 
wet ;  June  and  July  changeable  as  to  temperature,  widi  little 
rain,  and  frequently  very  cold  nights  until  nearly  the  end  of  the 
latter  month,  which,  with  the  beginning  of  August,  was  fine 
and  hot ;  then  came  heavy  thunder-storms  with  excessive  rain, 
but  the  end  of  August,  and  the  first  half  of  September,  were 
fine^  after  which  again  succeeded  thunder-storms  and  heavy  rain ; 
and  the  temperature  was  generally  low  throughout  the  month. 
The  mean  dew-point  and  degree  of  humidity  were  above  or 
about  the  average  in  June,  July,  and  August,  and  somewhat 
below  it  in  September. 

Thus,  the  winter  was  upon  the  whole  mild ;  the  early  spring 
dry  and  cold,  and  the  remainder  cold  and  wet ;  the  early  summer 
odd  and  changeable,  then  came  a  short  interval  of  fine  and  hot 
feather,  succeeded,  about  the  ripening  period,  by  very  heavy 
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ittins^  and  prerailing  low  temperatiires.  The  Iianrest  period  was 
also  generally  wet  and  unfavoaiable,  especially  in  the  later  districts. 
The  extent  of  land  under  wheat  was  reiforted  to  be  considerably 
above  the  arerage,  and  shortly  before  harvest  the  Opinion  pre- 
vailed that  the  crop  would  be  of  more  than  average  produc- 
tiveness ;  but  owing  to  the  unfavourable  harvest  weather  a 
considerable  propottion  of  it  was  badly  got  ini 
^  The  foUowii^  results  were  obtained  id  th^  experimental 
field  :— 

Table  XIII. — Suhicaby  of  ^  Besalts  of  the  {Thibteenth  Season,  1855-6. 


•  • 

FBODUCB  FEB  ACBI^  &C. 

iHAimtas. 

DrGssed  (XfH; 

TotaL 
Oorn. 

(Qnantlties  per  Acre.) 

Qnaniity. 

Weliht 
Bushel 

and 
CbtaS. 

Unmaiiared  (Plot  3)      .«     •«     ..      .i     .«      t. 
14  tons  Farmyard  Manure  (Plot  2)     .<     .i     .. 
400  lbs.  Ammonia-saltB  alone  (Plot  10a)     . .     • . 
Mixed  Mineral  Manure  alone  (mean  of  Plote  5a  { 

and  66)        ..      ./ ..      ..  J 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia- 1 

salts  (mean  of  Plots  21  and  22)        j 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia- 1 

salts  (mean  of  Plots  6a  and  66)        j 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-) 

^  salts  (mean  of  Plots  7a  and  76)        j 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia- i 

salts  (mean  of  Plots  8a  and  86)        ..     .;     ../ 
Mixed  Mineral  Manure,  and  800  lbs.  Aaimoiiia-l 

salts  (mean  of  Plots  16a  and  166) 

Bush.  Fks. 
14    2 
36     1| 
24    0{ 

19    2i 
22     If 
27     3 

36  3i 
39    0 

37  8} 

lbs, 
54*8 
58-6 
95*6 

56*8 
.'57  9 
58-3 
67-8 
570 
58-6 

Iba. 

892 
2277 
1505 

1207 
1375 
1786 
2278 
2454 
2438 

lbs,' 
1558 
4317 
2818 

2067 
2514 
3072 
4479 
5186 
5498 

The  quantity  of  com  per  acre,  excepting  on  the  unmanured 
plot,  was  fully  ^ual  to,  and  that  of  the  straw  rather  over,  the 
average  of  the  last  12  of  the  SO  years.  But  the  crop  was  unevenly 
and  badly  ripened,  and  the  weight  per  bushel  was  low.  The 
season  was,  indeed,  not  unfavourable  to  quantity  of  produce ;  and, 
so  far,  to  a /air  average  productiveness  under  tl^  infiuence  of 
liberal  manuring ;  but  it  Was  unfavourable  for  the  full  develop- 
ment and  the  maturation  of  the  grain. 

Fourteenth  Season,  1856-7. 

The  latter  patt  of  October  and  a  great  portion  of  November 
(1856)  were  fine  and  seasonable,  but  the  end  of  November  and 
beginning  of  December  were  unusually  severe  :  then  came  a  short 
period  of  very  mild  weather,  with  a  good  deal  of  raiti,  followed 
with  fine  firosty  weather;  die  quartet  having  been  marked  by 
lapid  variations  of  pressure^  and  extreite  ehanges  of  temperature. 
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in  January  (l8S7)  there  was  k  goad  deal  o/rain^  and  the  grciater 
part  of  the  month  was  inild;  bilt  it  became  colder,  with  frost 
and  snow  at  the  end  of  the  month  and  the  beginning  of  Februarf. 
The  remainder  of  Februaiy,  and  March,  were  very  dry,  with 
high  barometer^  frequent  sharp  firostj  nights,  atid  cold  easterly 
winds.  In  April  there  was  mote  rain,  bat  alsd  a  good  dehl  of 
fine  though  cold  weather.  May  was  fine,  with  a  godd  deal  of 
Tery  warm  weathet,  tod  but  little  rain.  In  Jilne  there  Iras  a 
good  deal  of  fine  and  hot  weather,  but  there  were  also  sereral 
thunder-storms,  with  heary  falls  of  tain,  which  were  much  needed, 
and  thoroughly  penetrated  fhe  soil.  During  July  the  weather 
was  generally  fine,  and  occasionally  very  hot,  with  much  less 
than  die  usual  amount  of  rain.  In  August  there  were  sereral 
thnnder-storms  with  heavy  rain,  but  otherwise  the  weather  was 
fine  and  remarkably  hot  In  the  early  part  of  September  a  gdod 
deal  of  rain  fell,  but  the  remainder  of  the  monlh  was  fine,  and 
its  temperature  was  pretty  uniformly  rather  above  the  average. 
In  June,  July,  and  August,  though  the  dew-point  ranged  some- 
what high,  the  temperature  did  so  in  a  greater  degree,  so  that  the 
atmosphere  was  drier  than  usual. 

The  winter,  excepting  in  the  early  part,  was  therefore  generally 
mild ;  the  spring  was  less  so,  with  a  good  deal  of  dry  weather, 
but  with  a  sufficiency  of  rain  in  April.  The  summer  Was  for 
the  most  part  hot,  with  a  dry  atmosphere,  but  #ith  genial  and 
plentiful  rains  in  June  and  the  beginning  of  August ;  and  the 
harvest  period  was  generally  favourable. 

Tablb  XIY.— SuioiABT  of  the  Besults  of  the  Fouet££nth  Season,  185G-7. 


(QuanUties  per  Acre.) 

•      *        -    *     -        -•-  •-  — 

ttmiuarared  (Plot  3)      «     

14  tins  Farmyard  Maniire  (Plot  S)  ..  n  a 
400  Iba.  Ammoiua-saltB  alooe  (Plot  lOa)  «.  .. 
Mixed  Mineral  Manure  alone  (mean  or  Plots  5a\ 

tJidSb)         / 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia 

lalta  (mean  of  Plots  aland  22)       ..     .. 
Mixed  Mineral  Manure,  and  200  lbs.  Ammonia- 

salts  f  mean  of  Plots  6a  and  66)        

Mined  Mineral  Blannre,  and  400  lbs.  Ammoma> 

salts  (mean  of  Plots  7a  and  76)        

Mixed  Mineral  Manure,  and  600  Ibe.  Ammonia 

saltt  (mean  of  Plots  Sa  and  S6)         

Mixed  Mineral  Manure,  and  800  Ibi.  Ammonia 

salta(meanof  Plots  16a  and  166)    «•     .i     .. 


PftODUCB  FER  ACBB,  &C. 


VnmtdOoTTL 


Quantitj. 


Busli.  Pka. 

19  9} 

41  Of 

29  O} 

23  a 

23  2} 

35  1| 

44  si 

48  1 

49  1} 


Weight 

per 
Buflhel. 


58-8 
60*4 
58*0 

68*9 
60-6 
69*9 
60-4 
60-7 
60-5 


Total 
Ctorn* 


Ibe. 
1236 
2587 
1816 

1461 
1515 
S20S 
2842 
3094 
3163 


Strew 

and 

Chaff. 


Iba. 
1577 
332» 
2392 

1676 
1811 
2757 
3786 
4374 
4699 
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^  The  extent  of  land  under  wlieat  was  reported  to  be  left  tban  in 
1856 ;  but  thronghont  the  lummer  the  crop  promiied  extremely 
well,  and  after  harrest  it  was  estimated  to  have  been  unusoally 
productive. 

The  character  of  the  experimental  wheat-crop  of  1857  was  in 
many  points  remarkable,  and  accorded  well  with  the  estimates 
formed  of  the  crop  over  the  country  generally.  The  amount  of  gross 
produce  (corn  and  straw  together)  fell  considerably  short  of  that 
of  either  1854  or  1863,  and  did  not  exceed  that  of  several  other 
years  of  much  inferior  yield  of  grain  ;  but  the  proportion  of  com 
to  straw  was  unusually  high,  being  only  surpassed  among  the 
experimental  seasons  in  1854,  and  about  equalled  in  1846  and 
1849,  though  in  neither  of  these  two  years  was  the  amount  of 
produce  per  acre  at  all  equal  to  that  of  1857.  The  quantity  of 
straw  was,  in  fact,  even  below  the  average,  considerably  less 
than  the  amount  of  1854,  and  still  more  below  that  of  1863. 
But  the  produce  of  grain,  especially  under  the  influence  of  high 
nitrogenous  and  mineral  manuring,  was  almost  identical  with 
that  of  1854,  the  two  seasons  standing  in  this  respect  second  only 
to  1863 ;  whilst,  both  without  manure,  and  wim  mixed  minend 
manure  alone,  the  yield  of  1857  even  exceeded  that  of  the  extra- 
ordinary season  just  passed  (1863). 

It  was,  however,  especially  where  the  large  amounts  of  am- 
monia-salts, in  conjunction  with  the  mineral  manure,  were 
employed,  that  the  tendency  to  the  production  of  grain  rather 
than  of  straw  was  in  1857  so  marked,  and  so  much  above  the 
average.  It  is  further  worthy  of  remark,  that  both  in  1854,  which 
was  the  eleventh  season,  and  in  1857,  which  was  the  fourteenth 
Season  of  wheat  on  the  same  land,  the  unmanured  produce 
amounted  to  about  20  bushels,  that  by  fiumyard  manure  to  about 

41  bushels,  and  that  by  the  heaviest  Artificial  manuring  to  within 
a  fraction  of  50  bushels  per  acre. 

Fifteenth  Season,  1857-8. 

October,  November,  and  December  Q857)  were,  upon  die 
whole,  very  mild,  with  unusually  little  ram  during  the  two  latter 
months.  January  (1858)  was  also  very  dry,  and  during  the  last 
fortnight  cold,  with  north  wind  and  sharp  frost.  February  was 
also  genially  cold,  with  a  fair  amount  of  rain,  and  some  snow  in 
the  earlier  part,  and  sharp  frosts  and  easterly  winds  in  the  latter 
part  of  the  month.  In  March  there  was  little  rain,  but  frost, 
snow,  and  strong  easterly  winds  in  the  earlier  part  of  the  month. 
The  beginning  of  April  was  cold,  but  most  of  the  remainder  fine, 
and  even  hot,  and  a  moderate  amount  of  rain  fell  in  the  b^in- 
ning  and  end  of  the  month ;  it  was  also  cold  in  the  beginning 
of  May,  but  fine,  dry,  and  hot  towards  the  end,  though  with 
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Kearjr  showers,  and  about  an  average  fall  of  rain  during  the 
month.  June  was  upon  the  whole  very  fine,  dry,  and  hot,  with 
some  heavy  thunder-showers,  but  much  less  than  the  average 
amount  of  rain.  In  July  there  was  much  more  rain,  and  the 
weather,  though  variable,  was  still  upon  the  whole  fine  and  hot. 
August  and  September  were  very  fine,  with  much  less  than 
the  average  fall  of  rain.  Throughout  die  quarter  ending  with 
September,  as  also  in  June,  the  degree  of  humidity  of  the  atmo' 
sphere  ranged  notably  lower  than  usual. 

There  was,  therefore,  during  the  winter,  spring,  and  summer 
of  1857-8,  upon  the  whole,  much  less  than  the  usual  amount  of 
rain ;  though  in  February,  April,  May,  and  July,  there  were  fair 
amounts.  The  ajr  was  also  generally  less  humid  than  usual 
throughout  the  summer.  The  temperature,  too,  was  generally 
above  the  average  throughout  the  spring  and  summer  months, 
whilst  June  was  unusually  hot 

Early  in  the  summer  the  appearance  of  the  wheat-plant  was 
generally  that  of  great  luxuriance,  promising  a  bulky  crop.  Owing 
to  the  prevailing  dry  and  warm  weather  of  June  die  harvest  was 
very  early,  and  the  months  of  August  and  September  were  favour- 
able both  as  to  dryness  and  ^mperature.  The  reports  indicated 
a  crop  fully  if  not  above  the  average,  though  by  no  means  equal 
to  the  extraordinary  one  of  the  immediately  preceding  season. 

The  following  Table  shows  the  character  of  the  results  in  the 
experimental  field :— * 

Tabus  XV. — Sumicabt  of  the  Results  of  the  Fiftbentr  Season,  1857-^. 


• 

JCAKURR 

Dreaaed  Corn. 

Total 
Oora. 

««< 

(Qoandtkfl  per  Acre.) 

Qaantity. 

Wel^t 

per 
Boshel. 

straw 

and 

Chair. 

Uamsiiiired  (Plot  3)     ..     ..     .. 

14  tons  Farmyard  Manure  (Plot  2) 

400  lbs.  AmmoDia-flalts  alone  (Plot  lOo)    ..     .. 
Miiced  Minefal  Manure  akme  (mean  of  Plots  5a\ 

and  56) / 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia-1 

nlto  (mean  of  Ploto  21  and  22)       / 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia-) 

salts  Tmean  of  Plots  6a  and  66)        / 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-) 

salts  (mean  of  Plots  la  and  76)        / 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia-\ 

salts  (mean  of  Plots  Sa  and  86)       / 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-l 

sidts  (mean  ofPloU  16a  and  166) / 

Bosh.  FkB. 
18     0 

38  3} 

22  3} 

18     Si 

23  1 
28     3} 

39  0} 
41     3} 
41     3} 

Ibe. 
60*4 
62-6 
59-6 

61-4 
61-5 
61-1 
62*1 
61*8 
62*1 

lbs. 
1141 
2512 
1439 

1207 
1493 
1834 
2490 
2678 
2710 

Ibi. 
1670 
3837 
2130 

1588 
2277 
2645 
4029 
4667 
4805 

E 
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With  the  moderate  dressings  the  quaotitj  of  gross  produce  per 
acre  (corn  and  straw  together)  was  rather  below  the  average  of 
the  12  years;  but  with  the  higher  manuring  it  was  generally 
equal,  and  sometimes  above  it  The  quantity  of  straw  was  pretty 
uniformly  below  the  average  under  parallel  conditions  of  ma- 
nuring ;  but  the  produce  of  grain  was  generally  above  it^  and  the 
more  so  the  higher  the  manuring.  The  proportion  of  com  to 
straw  was,  therefore,  above  the  average,  and  the  weight  per 
bushel  of  dressed  com  was  also  rather  high. 

Thus,  so  &r  as  the  results  in  the  experimental  field  are  eon- 
cemed,  the  season  of  1858  was,  upon  the  whole^  favourable  to 
high  proportion  and  good  quality  of  grain,  under  the  influence 
of  somewhat  liberal  manuring.  There  was,  however,  a  very 
marked  decline  in  the  productiveness  of  a  given  amount  of 
ammonia  where  the  excessive  amounts  of  it  were  employed, 
indicating  a  somewhat  easily  reached  limit  of  the  productive 
capabilities  of  the  season. 

Sixteenth  Season^  1858-9. 

During  October,  November,  and^the  first  half  of  December 
(1858)  there  was  very  little  rain,  and  during  November  and  the 
early  part  of  December  the  weather  was  very  cold.  The  remainder 
of  December,  and  January  and  February  (1859)  were  very  fine 
and  mild ;  March  was  also  upon  the  whole  mild,  but  with  more 
rain ;  in  April,  too,  a  good  deal  of  rain  fell,  and  £he  latter  part  of 
the  month  was  stormy,  wet,  and  cold.  May  began  with  cold  dry 
easterly  winds,  then  came  a  good  deal  of  rain,  succeeded  by  fine 
and  hot  weather.  During  June  there  were  several  heavy  thunder- 
storms, a  great  deal  of  rain  fell,  and  the  air  was  more  humid 
than  usual,  though  there  was  also  a  deal  of  fine  warm  weather. 
July  was  upon  die  whole  fine  and  unusually  hot,  but  there  were 
several  severe  thunder-storms  at  the  beginning  and  about  the 
middle  of  the  month.  August  was  rather  unsettled,  but  for  the 
most  part  warm,  with  a  good  deal  of  rain ;  September  was  also 
unsettled,  and  cold,  with  an  excessive  amount  of  rain.  In  July 
the  dew  point  ranged  high,  but  the  temperature  relatively  higher ; 
and  throughout  die  quarter  ending  with  Septemb^  the  degree 
of  humidity  of  the  air  was  below  the  average. 

Thus,  throughout  the  winter  of  1858-9  there  was  very  little 
rain,  and,  with  the  exception  of  the  early  part,  the  weather  was 
very  mild.  In  April  there  was  a  full  supply  of  rain,  May  a 
deficiency,  June  a  considerable  excess,  July  a  moderate  amount, 
August  a  full,  and  September  an  excessive  fell ;  whilst  June  and 
July  were  considerably  above  the  average  temperature — July 
more  especially,  bringing  the  wheat  rapidly  forward;  though^ 
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owing  to  tbe  heavy  rains  of  June,  and  the  bulk  of  the  crop,  it  was 
generally  mnch  laid.  Still,  the  prospect  before  harvest  was  upon 
the  whole  good ;  but  the  wet  and  stormy  harvest  period,  and  the 
length  of  time  the  crop  was  out,  led  to  a  good  deal  of  injury, 
especially  to  the  heavier  crops,  and  when  got  in  the  yield  was 
estimated  to  be  below  the  average. 

The    following   results   were   obtained   in  the  experimental 
field  :— 


Tabls  XYL — SuMVABY  of  the  Besolts  of  the  Sixtxbnth  Ssasoit,  1858>9. 


PbODUCB  FEB  ACRB,  &C. 

lUxiTsaiw 

DreflwdCom. 

Total 
Com. 

««■ 

(QuantlUes  per  Acre.) 

Quantity. 

Wefi^t 

per 
BaaheL 

Straw 

and 

Obair. 

Unsmniired  (Plot  3)      

14  tons  Farmyard  Manure  (Plot  2) 

400  lbs.  AmmoDia-^alts  alone  (Plot  10a)    ..     .. 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a\ 

and  56)         f 

Ifixed  Mineral  Manure,  and  100  lbs.  Ammonia-l 

■alta  (mean  of  Plots  21  and  22)       f 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia-1 

talts  (mean  of  Plots  6a  and  66)        f 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-l 

salts  (mean  of  Plots  7a  and  76)        / 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia-^i 

salu  (mean  of  Plots  8a  and  86)       / 1 

Mixed  Mineral  Manure,  and  800  lbs.  Amnionia-|l 

nits  (mean  of  Plots  16a  and  166) / 

Bosh.  Pks. 
18     \\ 
36     0| 
18    3| 

80  ai 

25     1 
29     3i 
34    2} 
34    2 
34    2} 

52-5 
66-5 
51-5 

56*0 
54*5 
56-5 
55-9 
53' 7 
52-6 

Ibi. 
1051 
2263 
1207 

1275 
1499 
1832 
2093 
2038 
2016 

Iba. 
2175 
4810 
2730 

2358 
3083 
3800 
4740 
5475 
5860 

The  experimental  crops  were  more  than  usually  bulky  wherever 
the  manuring  was  liberal.  With  the  smaller  amounts  of  am- 
monia-salts (and  mineral  manure),  the  quantity  of  grain  per  acre 
was  also  slightly  above  the  average ;  but  with  the  heavy  dressings 
of  ammonia  there  was  a  considerable  deficiency  of  com,  and  a 
very  undue  proportion  of  straw.  The  weight  per  bushel  of  dressed 
com  was  extremely  low,  though  considerably  lower  with  deficient 
mineral,  or  excessive  nitrogenous  manuring.  There  was  less  com 
by  ammonianudts  alone  than  by  mixed  mineral  manure  alone ; 
and  even  when  the  ammonia-salts  were  used  in  conjunction  with 
mineral  manure,  there  was  less  com,  though  a  good  deal  more 
straw,  from  the  use  of  the  excessive  amounts  of  600  lbs.  and 
800  lbs.,  than  when  only  400  lbs.  were  employed. 

It  may  be  observed  that  this  was  the  first  of  the  years  in  which 
there  was  a  reduction  of  potass  and  soda  in  all,  and  of  magnesia 
in  some  of  the  cases,  where  these  bases  were  formerly  supplied, 
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In  this  and  sacceeding  seasons  the  sulphate  of  potass  was  in  all 
cases  reduced  to  two-thirds  the  previous  amount ;  the  sulphate  of 
soda  to  one-half  in  all  cases  of  the  so-called  ^^  mixed  mineral 
manure/'  but  onlj  to  two-thirds  on  Plots  12a  and  lib.  The 
sulphate  of  magnesia  was,  however,  not  reduced  in  the  **  mixed 
mineral  manure/'  and  only  by  one-third  on  plots  14a  and  14ft. 
Still,  wherever  potass,  soda  or  magnesia  were  supplied  at  all, 
even  the  reduced  amounts  provided  more  of  them  annually  than 
was  taken  off  in  the  crops. 

Upon  the  whole,  the  season  of  1859,  with  its  wet  and  warm 
g^rowing  and  ripening,  and  wet  harvest  periods,  was  one  of  con- 
siderable amount  of  produce,  but  of  very  inferior  characters  for 
the  formation  and  maturation  of  the  grain. 

Seventeenth  Season^  1859-60. 

October  (1859)  was  upon  the  whole  wet,  the  greater  part  of 
the  month  very  mild,  but  the  end  very  cold  and  frosty ;  November 
stormy,  cold,  and  wet ;  December  very  cold,  windy,  and  inclement 
until  near  the  end,  which  was  wet  and  mild.  January  (1860)  was 
variable,  but  generally  mild  and  wet ;  February  very  cold,  widi 
sharp  frost  and  snow,  ending  with  storms  of  rain  and  wind.  The 
greater  part  of  March  was  cold,  with  heavy  showers  and  snow  ; 
the  remainder  was  finer  and  warmer.  April  was  very  cold,  with 
some  snow  and  sharp  frosts;  the  beginning  of  May  was  also 
cold,  but  the  rest  of  the  month  warmer  than  usual,  ^ough  very 
wet.  June  was  very  cold  and  very  wet;  July  also  very  cold, 
with  a  moderate  amount  of  rain,  most  of  which  fell  after  the 
middle  of  the  month ;  August  cold  and  very  wet,  and  September 
also  cold,  but  fine  in  the  early  part,  though  very  wet  in  the 
latter.  In  June,  July,  August,  and  September,  the  dew  point 
generally  ranged  low ;  but  with  the  unusually  low  temperatures, 
the  degree  of  humidity  of  the  air  was  considerably  above  the 
average. 

The  winter  of  1859-60  was  thus  alternately  very  cold  and  very 
mild,  and  upon  the  whole  very  wet ;  and  the  spring,  summer,  and 
autumn  were  very  stormy,  cold,  wet,  and  unseasonable ;  indeed, 
more  so  than  had  been  known  for  many  years  past  The  crops 
were  very  late,  the  harvest  being  two  or  three  weeks  later  than 
usual.  Wheat  was,  in  some  localities,  not  deficient  in  bulk,  but 
generally  very  much  damaged,  yielding  but  a  small  proportion 
of  grain,  and  that  of  very  low  quality.  The  crop  was,  indeed, 
very  much  below  the  average  both  in  quantity  and  quality. 

The  quantity  of  grain  in  the  experimental  field  was  generally 
only  about  three-fourths  that  of  the  average  of  the  12  years  under 
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equal  conditions  of  manuring ;  but  the  deficiency  was  propor- 
tionally less  with  the  heavier  dressings.  The  quantity  of  straw 
was  also  much  below  the  average,  diough  not  quite  so  much  so 
as  that  of  the  grain ;  but,  as  in  the  case  of  the  latter,  it  was  pro- 
portionally less  deficient  with  the  heavier  manuring.  The  quality 
of  grain,  as  indicated  by  the  weight  per  bushel  of  the  dressed 
com,  was  throughout  extremely  low ;  in  fact,  lower  than  in  any 
other  year  of  the  20,  excepting  1853. 

The  following  abstract  shows  the  character  of  the  experimental 
crops : — 

Table  XVIL— Sctmmaby  of  the  Results  of  the  Sevekteeth  Skasok, 

1859-60. 


PBODtrCK  PRR  ACRS,  ftC. 

llA2n7Rn. 

DmsedCorn. 

Total 
Com. 

lbs. 

738 

1864 

925 

919 
870 
1268 
1605 
1773 
1873 

(Quantities  per  Acre.) 

1 

Quantity. 

Weight 

per 
Bu«he]. 

straw 

and 

Cliaff. 

j 

Unmanured  (Plot  3)      

14  tons  Farmyard  Manure  (Plot  2)     

400  lbs.  Ammonia-salts  alone  (Plot  10a)     .. 

Mixed  Mineral  Manure  alone  (mean  of  Plots  ba\ 
and  56) [ 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia- 1 
salts  (mean  of  Plots  21  and  22)       / 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia- j 
salts  (mean  of  Plots  6a  and  66)       /. 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia- 
salts  (mean  of  plots  7a  and  76)        

Mixed  Biineral  Manure,  and  600 lbs.  Ammonia-)! 
salts^  (mean  of  Plots  8a  and  86)       /, 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia^ i 

salts  <mean  of  Plots  16a  and  166) / 

1 

Badi.  Pics. 
12     3} 
82     1} 
15.  OJ 

15     3i 
14     2} 
22     0 
27     3 

31  2 

32  2} 

ttwt. 
52-6 
55-5 
49-5 

53*6 
53-2 
.54-0 
54-3 
52-6 
61-9 

lbs. 
1459 
3440 
2213 

1620 
1667 
2*288 
3070 
3847 
4162 

The  experimental  crop  of  the  extraordinarily  wet  and  cold 
growing  and  ripening  season  of  1860  was,  therefore,  in  every 
respect  very  inferior,  and  much  below  the  average.  In  yield  of 
grain  it  was  only  about  equal  in  quantity,  and  it  was  inferior  in 
quality,  to  that  of  1852,  and  inferior  to  it  also  in  produce  of 
straw.  But  it  was  superior  both  in  quantity  and  quality  of  grain 
to  the  miserable  crop  of  1853,  though  even  inferior  to  it  in 
weight  of  straw. 

Eiffhteenth  Season ^  1860-61. 

October  (I860)  was,  upon  the  whole,  seasonable;  November 
was  very  cold,  with  a  good  deal  of  rain ;  the  beginning  of  De- 
cember was  mild^  but  the  ircmai];ider  of  the  month,  and  a  great 
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part  of  January  (1861)  were  eztremelj  severe,  many  eyergreens 
of  long  standing  being  killed  during  this  period.  The  remainder 
of  January,  and  February,  were  much  milder,  with  comparatively 
little  rain.  There  was,  nevertheless,  a  good  deal  of  cold  wind 
during  the  latter  month,  as  also  pretty  continuously  through 
March,  April,  and  the  beginning  of  May,  during  which  periods 
the  rain-fall  was  below  the  average.  The  remainder  of  May  was 
dry  and  fine,  and  even  hot  June  commenced  with  cold  wind  and 
rain,  followed  by  an  interval  of  fine  and  hot  weather,  and  then  a 
good  deal  of  rain  to  the  end  of  the  m6nth.  July  was  generally 
seasonable  as  to  temperature,  with  less  than  an  average  of  rain. 
At  the  beginning  of  August  some  heavy  rains  fell,  but,  upon  the 
whole,  the  month  was  very  dry,  fine,  and  favourable  ;  and  the  fine 
weather  continued,  but  with  rather  low  temperature,  and  a  good 
deal  of  wind,  through  the  greater  pait  of  September,  though 
towards  the  end  of  the  month  a  great  deal  of  rain  fell.  In  June, 
both  the  dew  point  and  degree  of  humidity  of  the  air  ranged 
high ;  but  in  ti  uly,  August,  and  September,  they  were  not  far 
from  the  average. 

The  winter  of  1860-61  was  thus  unusually  severe,  and  the 
autumn-sown  wheat-plant  was  reported  to  have  suffered  con- 
siderably. The  spring  of  1861  was  generally  dry,  with  a  good 
deal  of  cold  wind ;  but  plentiful  rains,  and  some  hot  weather,  in 
June,  brought  the  growing  crops  rapidly  forward.  July,  August, 
and  the  greater  part  of  September  were,  upon  the  whole,  season- 
able as  to  temperature,  and  degree  of  humidity  of  the  atmo- 
sphere, with  less  than  the  usual  amount  of  rain. 

The  wheat*  crop  was  reported  to  be  generally  below  the  average 
in  quantity  per  acre,  the  result  being  due  chiefly  to  the  loss  of 
plant  during  the  winter.  It  also  suffered  a  good  deal  from  rust, 
but  benefitted  much  by  the  favourable  weather  of  the  latter  part 
of  the  summer  and  of  the  autumn ;  fair  average,  and,  in  many 
cases,  good  quality,  compensating  somewhat  for  deficiency  of 
quantity. 

In  produce  of  grain  per  acre,  the  unmanured,  and  the  deficiently 
manured  plots,  were  considerably  below  the  average  of  the  12 
years ;  but  the  more  highly  manured  ones,  though  still  below, 
Were  much  more  nearly  up  to  the  average,  and  the  weight  per 
bushel  of  dressed  com  was  throughout  rather  over  the  average. 
The  'produce*  of  straw  was  also  considerably  below  the  ave- 
rage. 

The  experimental  crop  was,  therefore,  upon  the  whole,  defi- 
cient both  in  quantity  of  total  produce,  and  yield  of  grain  per 
acre,  but  the  quality  of  the  latter  was  fully  equal  to  the  average. 
The  crop  was,  however,  in  all  respects  superior  to  that  of  1860 ; 
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«pd,  excepting  in  amount  of  straw,  it  was,  under  the  better  con- 
diticMis  of  manuring,  superior  to  that  of  1859  also. 

The  following  is  an  abstract  of  the  results  obtained  in  the 
experimental  field : — 

Tabu  XVIIL-— Summaby  of  the  Results  of  the  Eighteenth  Season, 

1860-61. 


(QiWBtlttat  per  Acre.) 


} 


UiimAnTired  (Plot  3)      

14  tons  Farmyard  Manure  (Plot  2)     . .     .. 

400  lbs.  AmmoDia-salts  alone  (Plot  10a)    .. 

Mixed  Mineral  Manure  alone  (mean  of  Plots  iki 
and  56) 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia 
alts  (mean  of  Plots  21  and  22)       

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia 
alti  (mean  of  Plots  6a  and  66)        

Mixed  Mineral  Manure,  and  400  Ibg.  Ammonia- 
salts  (mean  of  PlotB  7a  and  76) 

Mixed  If  ineral  Manure,  and  600  lbs.  Ammoiiia- 
salts  (mean  of  Plots  8a  and  86)       .... 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-\ 
islti  (mean  of  Plots  16a  and  1 66)    . . 


/ 


Pbodccb  pkb  Acsb,  &a 


Dreaaed  Com. 


Qiumtlty. 


Bodx.  FkB. 

11  u 

34  d| 

12  3i 

15  1{ 

18  0} 

27  2i 

34  Sf 

35  0 
87  0 


Weight 

per 
BuBbeL 


lbs. 
57-4 
60*5 
55*0 

59-1 
68-4 
59*4 
58-9 
58*4 
58-8 


Total 
Com. 


lbs. 


straw 

and 

Chaff. 


lb«. 


736  '>  1254 


2202 
854 

1065 
1208 
1787 
2223 
2240 
2385 


3101 
1930 

1552 
1799 
2628 
8528 
3854 
4383 


^  Nineteenth  Season^  1861-62. 

October  (1861)  was  generally  mild,  fine,  and  dry ;  November 
inclement,  with  an  excess  of  rain/and  unusually  low  temperatures. 
December  was,  upon  the  whole,  warmer  and  drier  than  usual, 
bnt  with  a  good  deal  of  cold  wind  towards  the  end.  January 
and  February  (1862)  were,  upon  the  whole,  fine  and  dry,  with  a 
good  deal  of  warmer  and  but  little  of  colder  weather  than  usual. 
March  cM>mmenced  with  frosty  weather,  but  the  gfreater  portion 
of  it  was-nnusnally  wet  and  mild.  April  was  variable,  with  some 
unseasonably  cold,  bnt  a  good  deal  of  wanfl  weather,  and  a  full 
average  amount  of  rain.  May  was  extremely  wet,  and,  in  the 
early  part  especially,  unttsually  warm.  June,  July,  and  August 
were  almost  throughout  unsettled,  with  a  good  deal  of  wind  and 
rain,  and  unusually  low  temperatures,  the  nights  especially  being 
frequently  very  cold ;  and,  although  the  atmosphere  contained 
less  than  the  average  actual  amount  of  moisture,  with  the  low 
temperatnresi  the  degree  of  humidity  was  not  correspondingly 
low.     September  was  also  variable^  with  a  good  deal  of  raia 
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at  the  beginning  and  end  of  the  month,  but  with  fine  and  warm 
weather  intermediately. 

The  winter  of  1861-2  was,  therefore,  upon  the  whole,  mild ; 
but  the  spring  and  summer  were  almost  throughout  wet,  cold, 
and  stormy.  The  wheat-crop  of  the  country  was  almost  uni- 
versally reported  to  be  under  the  average,  in  many  cases  root- 
fallen,  and  also  much  mildewed. 

The  following  results  were  obtained  in  the  experimental 
field  :— 

Table  XIX.— Summabt  of  the  Results  of  the  Nineteenth  Season, 

1861-62. 


PSODCCB  FBE  ACEB,  ftC. 

Makuiuh. 

Drcncd  Coni. 

Total 
Com. 

(QnantlUes  per  Acre.) 

••— 
QiumUtj. 

Weii^t 
per 

BusbeL 

Stnw 

and 

Quiff. 

UDmannred  (Plot  3)     

14  tons  Fannjard  Manure  (Plot  2) 

400  lb6.  Ammonia-salts  alone  (Plot  10a)    •* 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a\ 

and  56)         / 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia-l 

salts  (mean  of  Plots  21  and  22)       f 

Mixed  Mineral  Manure,  and  200  lbs.  Ammoniac 

salts  (mean  of  Plots  6a  and  66)        f 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-1 

salts  (mean  of  Plots  7a  and  76)        ^ 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia- j 

salts  (mean  of  Plots  8a  and  86)        / 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-) 

salts  (mean  of  Plots  16a  and  166)    . .  ^   . . 

Ruah.  Pkfl. 

16  0 

38  U 
23    0| 

17  3} 
20     1 
28     0} 

35  3} 

39  If 

36  1 

lbs. 
57-8 
61-0 
56*5 

59-0 
58-1 
59-6 
59-4 
59*2 
57*8 

lbs. 

996 
2447 
1457 

1110 
1262 
1756 
2333 
2465 
2229 

lbs. 
1713 
4195 
2593 

1850 
2186 
2970 
3910 
4679 
4512 

The  experimental  crops,  without  manure,  with  farmjard 
manure,  and  with  the  mixed  mineral  manure  in  conjunction  with 
all  but  the  most  excessive  amount  of  ammonia-salts,  were  fully 
equal  in  amount  and  quality  of  grain,  and  not  much  deficient  in 
straw,  compared  with  the  average  of  the  12  years.  But  with 
mineral  manure  in  conjunction  with  the  very  excessive  amount 
of  ammonia-salts,  the  produce  of  both  grain  and  straw  was  con- 
siderably below  ^e  average.  Notwithstanding  the  wetness  of  the 
most  growing  periods  of  the  season,  the  prevailing  low  tempera- 
tures seem  to  have  been  adverse  to  the  production  of  full  amounts 
of  gross  produce ;  but  the  ripening  period  seems  to  have  been 
not  so  unfavourable  to  the  development  of  grain  where  theie  was 
moderate  luxuriance  of  growth,  and  the  crop  was  not  too  much 
laid ;   which,  however,  according  to  the  reports,  was  t}ie  ca^ 
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with  a  congiderablc  proportion  of  the  ordinary  wheat-crop  of  the 
country. 

Tioentieth  Season,  1862-3. 

October  (1862)  was.  unusually  warm,  but  with  a  good  deal  of 
wind  and  rain ;  November  was  cold,  with  comparatively  little 
rain ;  December, and  January  and  February  (1863),  were  unusually 
mild,  with  a  fair  amount  of  rain  in  December  and  January,  and 
but  little  in  February.  March  was  also  upon  the  whole  mild, 
with  but  little  rain  ;  and  wheat  showed  unusually  forward  growth. 
April  was  very  dry  and  warm.  In  May  there  were  some  re- 
freshing rains,  but  the  temperature  was  occasionally  extremely 
low,  and  pretty  nearly  throughout  rather  below  the  average,  with 
frequent  storms  of  wind.  The  temperature  in  June  was  also 
generally  rather  below  the  average,  and  there  was  a  good  deal  of 
rain ;  which,  though  needed,  and  much  aiding  growtb,  was  so 
heavy  as  to  lay  the  most  forward  and  bulky  crops.  In  July 
there  was  much  less  rain  than  usual,  with  moderately  high  day, 
bat  low  night  temperatures,  and  some  sharp  night  frosts.  August, 
with  only  moderate  temperatures,  but  less  than  the  usual  amount 
of  rain,  was  upon  the  whole  favourable  ripening  and  barvcst 
weather.  In  September  a  good  deal  of  rain  fell,  and  the 
temperatures  ranged  rather  low.  In  June,  the  condition  of 
the  atmosphere  as  to  moisture  was  about  the  average  for 
that  month ;  but,  in  July,  August,  and  September,  both  the 
actual  amount  and  the  degree  of  humidity  were  below  the 
average. 

With  these  characters  of  the  season,  the  reports  were  almost 
nnanimous  that  the  wheat- crop  of  1863  was  considerably  above 
the  average  ;  and  such  subsequent  experience  has  proved  it  to  be, 
both  in  quantity  and  quality.  Indeed,  such  a  yield,  per  acre, 
has  not  been  known  for  very  many  years. 

It  would  appear  that  the  extraordinary  result  was  due  to 
almost  unchecked  growth  from  the  first  appearance  of  the 
plant  above  ground  up  to  the  time  of  harvest,  rather  than  to  any 
eztiaordinary  characteristics  of  season  at  any  one  or  more  parti- 
cular periods.  With  the  extremely  mild  winter  and  early  spring, 
the  plant  came  early  forward,  and  the  rains,  though  sparing 
upon  the  whole,  came  when  needed,  whilst,  though  the  tempera- 
ture of  the  summer  was  seldom  high,  it  was  (if  we  except  the 
night  frosts  of  July)  generally  sufficient,  and  the  condition  of 
atmosphere  otherwise  favourable ;  so  that  it  may  be  said  that 
the  whole  season  contributed  to  a  lengthened  and  almost  un- 
brolcei)  course  of  ^;radual  accumulation. 
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The  following  Table  shows  the  character  of  the  results  ob- 
tained in  this  extraordinary  season,  in  the  experimental  field  ;^ 

Table  XX.— Summaby  of  the  Results  of  the  Titkiitieth  Season,  1862-63. 


Human. 
(QaanUties  p«r  Acre.) 


Unmauured  (Plot  3)       

14  tons  Farmyard  M'atiure  (Plot  2)     .. 

400  lbs.  Ammonia-salts  alone  (Plot  10a)    . . 

Mixed  Mineral  Manure  alone  (mean  of  Plots  5a 
and56) 

Mixed  Mineral  Manure,  and  100  lbs.  Ammonia 
salts  (mean  of  Plots  21  and  2d)       

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia- 
salts  Cmean  of  Plots  6a  and  66)        .... 

Mixed  Mineral  Manure,  and  400  lbs.  Ammonia- 
salts  (mean  of  Plots  7a  and  76) 

Mixed  Mineral  Manure,  and  600  lbs.  Ammonia- 

K  salts  (mean  of  Plots  8a  and  S6)        

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia 
salts  (mean  of  Plots  16a  and  166) , 


PsODtTCI  FRB  ACBB,  &C. 


DrefliedCom. 


Qoantity. 


Buah.  Fka. 

17  1 

44  0 

89  Oi 

19  2} 

28  2f 

39  2} 

53  2| 

I  55  2f 

!  55  3} 


Wdglit 

per 
BttsheL 


Ibe. 
62*7 
63*1 
62*6 

63-0 
62-4 
62-3 
68' 6 
62*3 
62*4 


Totftl 
Cktm. 


lbs. 
1127 
2886 
2587 

1290 
1852 
2528 
3492 
3G14 
3659 


Strsw 
and 

Chaff. 


lbs. 
1600 
4279 
3481 

4728 
2588 
3715 
5866 
6602 
6866 


The  experimental  wheat-crop  of  1863,  the  20th  in  succession 
on  the  same  land,  proved  to  be  in  quantity  of  both  grain  and 
straw  by  far  the  most  productive  hitherto,  and  also  in  quality  of 
grain  nearly  the  best  yet  obtained.  In  quantity  of  straw,  or  total 
produce,  the  crop  of  1854  the  most  nearly  approached  it ;  but 
1854  and  1857,  both  of  which  were  years  of  extraordinary  yield, 
both  fell  considerably  short  of  1863  in  quantity  of  grain  per 
acre,  and  also  in  quality,  as  indicated  by  the  weight  per 
bushel. 

The  season  of  1863  was  particularly  marked  by  extraordinary 

f)roductiveness,  in  both  corn  and  straw,  under  the  influence  of  a 
iberal  supply  of  ammonia-salts.  Where  the  quantity  applied  was 
not  so  excessive  that  the  crops  were  over  luxunatit,  and  much  laid 
by  the  storms  of  wind  and  rain  in  June,  more  produce,  and 
especially  more  com,  was  obtained  for  a  given  amount  of  am- 
monia applied  than  in  any  former  year  of  the  experiments.  Even 
where  the  amounts  of  ammonia-salts  were  the  most  excessive,  the 
quantity  of  both  corn  and  straw  per  acre  was  larger  than  in  any 
preceding  season.  But,  doubtless  owing  to  the  heaviest  crops 
having  been  laid  so  flat,  the  amount  of  increase  yielded  for  each 
increment  of  ammonia-salts  supplied  beyotid  400  lbs.  per  acre 
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was  not  so  great  as  in  some  other  seasons.  Thns,  though  in  no 
preceding  year  had  the  produce  obtained  by  the  mixed  mineral 
manure  and  the  excessive  amount  of  800  lbs.  of  ammonia-salts 
exceeded  50  bushels  of  dressed  com  per  acre,  that  obtained  in 
1863  by  the  mixed  mineral  manure  and  only  400  lbs.  of  ammonia- 
salts  was  about  53f  bushels,  of  62^  lbs.  weight  per  bushel ;  whilst 
die  mixed  mineral  manure  with  600  lbs.  of  ammonia-salts,  gave 
scarcely  55f  bushels,  and  with  800  lbs.  scarcely  56  bushels. 

Extraordinary  as  are  these  amounts  of  produce,  even  for  good 
wheat-land  cultivated  and  manured  in  the  ordinary  way,  they  are 
still  more  remarkable  for  the  20th  crop  of  wheat  in  succession 
on  land  of  only  average  wheat-producing  quality,  which  has  not 
been  manured  with  farmyard  manure  for  just  a  quarter  of  a  cen- 
tury. Nevertheless,  there  can  be  no  doubt  that  if  the  heavier 
crops  had  not  been  so  much  laid  they  would  have  yielded  even 
considerably  more.  That  they  did  not  do  so,  in  a  season  upon 
the  whole  so  favourable  for  the  effect  of  liberal  nitrogenous 
manuring,  shows  that  the  higher  amounts  of  ammonia^salts  em- 
ployed were  not  only  excessive  for  average,  but  even  for  un- 
usually favourable  seasons. 

In  conclusion,  in  regard  to  these  results,  it  should  be  observed 
that  whilst  the  mixed  mineral  manure  and  ammonia-salts  yielded 
as  much  as  55|  bushels  of  dressed  corn^  and  6866  lbs.  of  straw, 
the  same  mixed  mineral-manure,  when  used  alone,  gave  scarcely 
19|-  bushels  of  dressed  com,  and  only  1728  lbs.  of  straw.  There 
was  an  increase,  therefore,  due  to  the  action  of  ammonia-salts, 
of  36  bushels  of  dressed  com,  and  5138  lbs.  of  straw.  In  this 
fact  there  is  surely  striking  confirmation  of  the  utter  inade- 
quacy of  mineral-manures  alone  to  enable  the  wheat-plant  to 
obtain  from  the  atmosphere  a  sufficiency  of  nitrogen  for  the  pro- 
duction of  full  crops. 


No  idea  is  more  fixed  and  prevalent  in  the  farmer's  mind  than 
that,  after  all  his  labour  and  money  have  been  expended,  he  is 
still  at  the  mercy  of  the  seasons  for  his  reward.  The  fore- 
going short  abstracts  of  the  results  obtained  in  different  seasons, 
with  the  few  comments  made  upon  them,  supply  very  interesting 
evidence  relating  to  this  point ;  and  Tables  XXII. — ^XXVI.,  in- 
clusive, in  the  Appendix,  afford  the  means  of  studying  the  subject 
in  much  more  detail.  But  the  extent  of  this  dependence  upon 
season  will  be  made  more  strikingly  manifest,  by  placing  side 
by  side,  at  one  view,  the  results  obtained  by  one  and  the  same 
description  and  amount  of  manure  in  the  least  favourable,  and 
in  the  most  favourable  of  the  last  twelve  seasons^  during  which 
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the  same  manure  has  been  applied  year  after  year  on  the  same 
land.     This  is  done  in  the  following  Table : — 

Table  XXr.-— Suhmaby  of  the  Results  obtained  in  1853  and  1863, 

respectively. 


PnoDtJCB  PKB  Agm;  he 

Maxubis. 

'               Dressed  Com. 

1 

Straw 
and  Chaff. 

(Per  Acre,  per  Aanum.) 

1 

Quantity. 

1 

Weight  per 
Bushel. 

1853. 

1863. 

1863. 

1868. 

1853. 

1863. 

ITninaniired  ("Plot  3) 

BudLincB. 

5  H 

19    Oi 
'     9    3f 

10    Of 
'  11    2i 
18    Oi 
23    2f 
23    If 
25    Oi 

DiMh.rkft. 
17    1 
44    0 
39    Oi 

19    2f 
28    2f 
39    2i 
53  :f 
65    2f 
55    3i 

lbs. 
45-9 
51-1 
48-6 

48-6 
49*8 
51*5 
32 '0 
31-8 
52*3 

lbs. 
62-7 
63*1 
62-6 

63-0 

62-4 

62*3 

62-5 

62-3  ! 

62-4 

lbs. 
f-113 
3372 
2049 

2040 
2021 
2788 

3r<» 

3947 
4962 

lbs. 
1600 

14  tone  Farmyard  Manare  (Plot  2) 

400  lbs.  Ammonlu-salts  alone  (llot  10a)        . .     . . 
Mixed  Mineral  Manure  alone  (mean  of  Plots  5a ) 

andSb)      $ 

Mixed  Mineral  Manure,  and  lUO  lbs.  Ammonia-) 

salts  (mean  of  Plots  21  and  2Z) 

Mixed  Mineral  Manure,  and  200  lbs.  Ammonia-  \ 

salts  (mean  of  Plots  ea  and  66) 3 

Mixed  Minernl  Manure,  and  400  lbs.  Amnion's- ) 

salts  (mean  of  Hots  7d  and  7&) j 

Mixed  Mineral  Manure,  and  6oO  lbs.  Ammonia- ) 

salts  (mean  of  Plots  8a  snd  Sb) 

Mixed  Mineral  Manure,  and  800  lbs.  Ammonia-) 

salts  (mean  of  Plots  16a  and  166)        . .     . . 

4279 
3481 

17!:8 
2588 
3715 
5S66 
6602 
6866 

It  should  be  observed,  that  although  both  the  quantity  and  the 
quality  of  com  were,  under  each  of  the  conditions  of  manuring 
specified,  lower  in  1853  than  in  any  other  season  of  the  last 
twelve,  and  hence  the  results  of  that  year  are  selected  to  contrast 
with  those  of  1863,  yet  the  amounts  of  straw  were  much  lower 
in  some  other  years.  Indeed,  the  Table  shows  that  in  the  case 
of  the  mixed  mineral  manure  alone  the  quantity  of  straw  was 
even  higher  in  1853  than  in  1863.  It  was,  however,  in  most 
cases  where  ammonia-salts  were  used,  one-half,  and  sometimes  in 
a  gpreater  degree,  more  in  1863  than  in  1853.  Again,  although 
the  quantity  of  corn  obtained  was  greater  in  1863  than  in  any 
other  year  of  the  twelve  wherever  ammonia-salts  were  used,  yet, 
without  manure,  and  with  mixed  mineral  manure  alone,  it  was 
higher  in  several  other  years. 

Notwithstanding  these  exceptions,  which  are  themselves  very 
interesting  and  significant,  the  two  seasons  may  still  be  taken  as 
upon  the  whole  representing,  respectively  the  least  and  the  most 
favourable  of  those  to  which  the  experiments  refer ;  and  the  dif- 
ference in  the  quantity  and  quality  of  the  produce  obtained  by  one 
and  the  same  manure,  in  the  one  season  compared  with  the  other, 
is  really  most  striking  and  instructive.  Thus,  in  1863  the  pro* 
duce  of  dressed  corn  exceeded  that  of  1853 — without  manure  by 
\\^  bushels,  with  farmyard  manure  by  25  bushels,  with  400  lbs. 
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ammonia-salts  alone  by  291*  bushels,  with  mineral  manure  alone 
by  9^  bushels;  and  with  mineral  manure  and  ammonia-salts 
together — with  100  lbs.  of  ammonia-salts  by  17  bushels,  with 
200  lbs.  by  21^  bushels,  with  400  lbs.  by  30  bushels,  with 
600  lbs.  by  32^  bushels,  and  with  800  lbs.,  by  30f  bushels.  The 
difference  in  quantity  was,  however,  in  reality  much  more  than 
these  figures  indicate ;  for  whilst  the  weight  of  each  bushel  of 
dressed  corn  was  in  1863  from  62  to  63  lbs.,  in  1853  it  in  no 
case  reached,  and  in  some  cases  fell  far  short  of,  52^  lbs. 

So  far  as  ihe  production  of  grain  was  concerned,  therefore,  the 
difierence  of  result  obtained  in  the  two  years  was  equally  striking 
in  point  of  both  quantity  and  quality. 

The  important  practical  question  of  the  amount  of  ammonia  in 
manure  expended  for  the  production  of  a  given  amount  of  increase 
in  one  season  compared  with  another,  according  to  the  quantity 
employed,  and  to  the  available  supply  of  mineral  constituents 
within  the  soil,  will  be  made  a  subject  of  separate  consideration 
in  the  Fourth  Section  of  this  Report. 


The  influence  of  each  individual  season,  and  of  the  extreme 
seasons,  of  the  twenty,  in  tending  to  the  development  of  much 
or  little  com,  much  or  little  straw,  and  high  or  low  quality  of 
grain,  under  the  different  conditions  of  manuring,  has  now  been 
briefly  illustrated ;  but  before  leaving  the  question  of  the  influ- 
ence of  season  altogether,  and  passing  to  the  more  exclusive 
consideration  of  the  effects  of  the  different  manures,  it  is  desirable 
to  endeavom:  to  arrive  at  some  conclusion  as  to  whether  the  later 
or  the  earlier  seasons  were  probably  on  the  average  the  more 
favourable;  so  that  a  proper  judgment  may  be  formed  as  to 
whether  the  actual  results  obtained  by  the  use  of  any  particular 
description  of  manure  year  after  year  on  the  same  land,  may  be 
referred  with  but  a  little  reservation  to  the  manure  employed,  or 
whether  they  have  been,  in  any  material  degree,  influenced 
by  a  progressive  or  retrogressive  character  of  the  seasons  of 
growth. 

There  is  an  obvious  inappropriateness  in  attempting  to  esti- 
mate the  progressive  or  retrogressive  productiveness  of  a  series 
of  seasons,  by  reference  to  the  amounts  of  produce  obtained  on 
the  application  of  a  particular  manure  year  after  year  on  the  same 
land,  when  the  object  of  the  estimate  is  to  eliminate  the  influence 
of  season  from  that  due  to  the  exhaustive  or  accumulative  effect 
of  the  manure  itself. 

The  annual  produce  without  manure  would  appear,  at  first 
sight,  to  be  the  best  index  of  the  relative  character  of  the  seasons. 
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Oa  the  other  hand,  it  has  been  seen  that  those  seasons  which 
were  the  most  favourable  for  the  unmanured,  or  for  the  merely 
mineral-manured  plots,  were  not  at  all  the  most  favourable  for 
those  manured  highly  with  nitrogenous  manures — that  is,  for 
those  conditions  under  which  alone  large  crops  could  be  obtained. 
Hence,  the  best  season  for  land  in  low  condition  is  not  the  best 
for  land  in  high  condition. 

But,  by  comparing  the  increasing  or  diminishing  amount  of 
produce  from  year  to  year,  under  very  different  conditions  of 
manuring,  a  very  fair  judgment  of  the  relative  chamcter  of  the 
earlier  and  the  later  seasons  can  be  formed.  To  this  end  there  are 
given  at  one  view  in  Table  XXIL  (opposite)  the  average  annual 
produce  without  manure,  with  ammonia-salts  alone,  and  with 
farmyard  manure,  respectively  over  the  first  half,  the  second  half^ 
and  the  total  period  of  the  experiments ;  and  also  the  average 
annual  produce  without  manure,  with  mixed  mineral  manure 
alone,  with  ammonia-salts  alone,  with  ammonia-salts  and  mixed 
mineral  manure,  and  with  farmyard  manure,  over  the  first  six, 
the  last  six,  and  the  total  of  the  last  twelve  years  of  the 
experiments. 

Taking  first  the  whole  period  of  the  experiments  (twenty  years 
without  manure  and  with  farmyard  manure,  and  nineteen  with 
ammonia-salts  alone),  there  is,  without  manure  a  slightly,  though 
very  slightly,  increased  annual  produce  of  com  and  total  pro- 
duce (though  not  of  straw)  over  the  last  half  as  compared  with 
the  first  half  of  the  period  ;  with  ammonia-salts  alone  there  is 
a  decreased,  and  with  farmyard  manure  a  very  much  increased, 
rate  of  produce  in  the  later  years. 

Thus,  where  the  crop  was  simply  dependent  on  the  soil  and 
season,  the  produce  was  somewhat  higher  in  the  later  years; 
where  the  resources  of  the  soil  were  overtaxed  by  the  use  of  a 
large  amount  of  ammonia-salts  every  year,  the  produce  dimi- 
nished ;  but  where  an  excess  of  every  constituent  was  annually 
applied,  the  crop  enormously  increased  as  the  experiment  pro- 
ceeded. 

Referring  to  the  results  obtained  over  the  last  twelve  years 
only,  the  latter  half  of  that  period  gives,  without  manure,  as  much 
com,  but  scarcely  as  much  straw  as  the  former  half;  with 
mixed  mineral-manure  alone  (the  condition  nearest  allied  to  the 
unmanured)  there  is  a  diminution,  more  particularly  in  the 
produce  of  straw,  in  the  later  years  ;  with  ammonia*  salts  alone 
there  is  also  a  diminution,  both  of  com  and  straw,  but  in  a  some- 
what less  degree  than  when  the  whole  period  of  twenty  years  is 
taken  into  the  calculation.  With  ammonia-salts  and  mixed  mine- 
ral manure  together,  there  is  a  considerable  increase  of  com,  and^ 
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Table  XXII. — Aiwual  Average  Pboducb,  &c.,  over  the  First  half,  the  Second 
half,  and  the  Total  periods  of  the  application  of  different  Manures,  each  Year  after 
Year  ofn  the  same  Limd. 


not 


AVSRAOS  ASNUAL. 


FlKt 

half  of 
Periods 


SoooDd 
half  of 
Period. 


Total 
Period. 


Duimtlon 

of 

Total  Period. 


Dressed  G)i-n)  per  Acre,  in  Bushels  and  Pedes. 


3 

2 

3 

6 

Ita 

7 
2 


Unnuunue^  evenr  jear     . 
AjnmoDia-flilts  alone,  ereiy  year 
14  tooa  flMmyanl  Manure,  wvy  year 

PpBaamired,  every  year 

MljEcd  Mineral  Manme  alone,  eTexy  year 

Ammoniapsalta  alone^  every  year 

AnuDOiUaF«alts  and  Mixed  Mineral  Manure,  eroy  year 

14  tona  Fannyard  Manure,  every  year 


15  ai 

24  3f 

27  0{ 

18  4 

23  1 

35  01 

83  11 


16  2i 

23  81 

37  Zk 

15  2 

18  Oi 

22  0 
37-24 

87  If 


16  1 

24  1 

38  1 

15  2 

18  ]( 

28  2) 

36  \] 

85  ] 


I 


20  year»— 1844-1863. 

19  years— 1846-1863. 

20  years— 1844-1863. 


12  years— 1862-1863. 


Weight  per  Bushel  of  Dressed  Ck)rD,  in  Ihs. 


3 

les 

2 

3 
6 

100 

7 
2 

Unaaaaored,  every  year 

Ainmoni»«alta  alone,  every  year        .... 
14  tona  Farmyard  Manure,  every  year        • 

UiBBsnund,  evenr  year 

Mixed  Mineral  Manure  alone,  every  year*  . 
Ammonla-aalls  alone,  every  ycer        .... 
Amtnonln-taHf  f^d  Mfm»«1  l[**tp«»|  V4»>nw»,  ?»m7  y**"" 
14  tons  Fumyard  Manure,  every  year 

68-3 
68-7 
69*8 

55-8 
67-1 
66*9 
57-9 
68*8 

67*6 
56-6 
60*8 

67*8 
68-7 
65*8 
58-9 
69-8 

67*9 
57-6 
60*0 

66*5 
67-9 
65*9 
58*4 
69-8 

20  years~1844-1863. 

19  years—I  846-1863. 

20  yeai»-1844-lH63. 

< 

12  years— 1852-1863. 

Total  Com,  per  Acre,  io  lbs. 


3 
10a 

2 

3 

S 

Ito 

7 
2 


XJimianQied,  every  year     .       •        • 
Annncmla-salta  alone,  every  year 
14  tons  Fiannyard  Manure,  every  year 

UuiaPDurad,  eweiy  year 
Mixed  Mineral  Muiure  alone,  every  year 
AmiiKinla-saltfl  akne.  every  year 
AmmooiA-salts  and  Mixed  Mineral  Manure, 
14  tons  Fannyard  Manure,  every  year 


every  year 


1018 
1628 
1757 

VDO 

1171 
1468 
2196 
2102 


1086 

1627 
2396 

965 
1144 
1408 
2356 
2362 


1006 
1675 
2076 

964 
1157 
1435 
2276 
2232 


20  yean— 1844-1  Sf'S. 

19  years— 1845-1 86:i. 

20  years— 1844-1  b6J. 


►12  years-1862-1863. 


Total  Straw  (and  Chaff),  per  Aero,  in  lbs. 


3 

lOa 
2 

3 
S 

10a 
7 
2 


UmBannred,  every  year 

Ammonlarealts  alone,  every  year 

14  tons  Fiumyard  Manure,  every  jrear 

TJBBuuRU'ed,  every  year     ... 
Mixed  Mineral  Manure  atones  every  year 
Anunania-aalts  alone,  every  year 
Ammoola-Balts  and  Mixed  Mineral  Manure, 
14  tons  Farmyard  Manure,  every  year 


1693 

1693 

1693 

2846 

2640 

2737 

3071 

3960 

8515 

1678 

1646 

1662 

2012 

1783 

1898 

2693 

2513 

2603 

',  every  year 

4833 

4190 

4212 

.       •       . 

3794 

3944 

3869 

20  years— 1844-1 8<s% 

19  years— 1845-1863. 

20  years— 1844-1  ata. 


12  year»-1852-lS63 


Total  Produce  (Com  and  Stmw),  per  Aa-e,  in  lbs. 


3 

lOo 
2 

3 
6 

10a 
7 
2 


tTnmanured,  every  year 
Ammonfft^altii  alone,  evoy  year 
14  tons  Farmyard  Miinnre,  every  year 

TTnmanured,  every  year 
Mixed  Mineral  Manure  alone,  every  year 
Ammonta-aalta  aloney  every  year         . 
Ammonlaaalu  and  Mixed  Mineral  Maaora,  evwy 
14  tons  Fiumyard  Manure,  every  year 


2711 
4474 
4828 

2641 
3183 
4156 
6428 
6896 


2728 
4166 
6355 

2610 
2927 
3921 
6646 
6306 


2719 
4312 
6591 

2626 
3055 

4038 
6487 
6101 


20  years-1844-1863. 

19  years— lb45-1863. 

20  years— 1844-1863. 


12  years— 1852-1863. 
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though  a  diminution  in  the  produce  of  straw,  still  some  in- 
crease of  total  produce,  during  the  later  years.  Finally,  with 
farmyard-manure  there  is  an  increase  of  both  com  and  straw 
in  the  latter  as  compared  with  the  former  half  of  the  twelve 
years,  but  in  a  much  less  degree  than  over  the  last  ten  as 
compared  with  the  first  ten  years  of  the  whole  period  of  the 
experiments. 

The  general  result  over  the  final  twelve  years  is,  then,  that 
the  average  annual  yield  was,  without  manure,  much  the  same 
over  the  whole  period ;  that,  notwithstanding  the  exhausting 
effects  of  applying  ammonia-salts  every  year,  the  annual  diminu- 
tion of  produce  under  their  influence  was  proportionally  less 
during  the  latter  half  of  the  last  twelve,  than  of  the  whole  nine- 
teen years  of  their  use  ;  that  where  ammonia-salts  and  all  mine- 
ral constituents,  except  silica,  were  liberally  supplied  every  year, 
the  produce  of  com  increased,  and  that  of  the  straw  somewhat  dimi- 
nished ;  lastly,  that  where  an  excess  of  every  constituent  required 
by  the  crop  was  annually  applied,  as  in  the  farmyard  manure,  the 
rate  of  increase  from  year  to  year  was  not  so  g^eat  during  the 
later  as  during  some  of  the  earlier  years. 

That  the  unmanured  produce  should  keep  up  its  yield  during 
the  later  years,  and  that  the  produce  by  the  exhaustive  process  of 
applying  ammonia-salts  every  year  should  diminish  less  during 
the  latter  half  of  the  twelve  than  of  the  whole  nineteen  years,  seems 
sufiicient  indication  that  the  later  seasons  of  the  experiments  were, 
upon  the  whole,  more  favourable  than  the  earlier  ones.  But  to 
this  evidence  may  be  added  that  derivable  from  the  fact,  that 
although  the  average  weight  per  bushel  of  dressed  com  without 
manure,  and  with  ammonia-salts  alone,  was  considerably  less 
during  the  latter  than  during  the  earlier  half  of  the  whole  period, 
it  was,  nevertheless,  without  manure  considerably  higher,  and 
with  ammonia-salts  alone  about  as  high,  during  the  latler  as  dur- 
ing the  earlier  half  of  the  last  twelve  years.  It  is,  therefore,  clear, 
that  even  under  the  most  defective  soil  conditions  the  crop  has 
either  not  deteriorated,  or  has  done  so  in  a  less  degree,  in  the 
later  years. 

Upon  the  whole,  then,  it  must  be  concluded,  that  the  later  years 
of  the  experimental  period  were,  on  the  average,  slightly  more 
favourable  to  the  crop  than  the  earlier  ones.  Assuming  this  to 
have  been  the  case,  it  must  be  admitted,  that  the  fact  of  the  un- 
manured plot  maintaining  its  produce  throughout  the  whole 
twenty  years  is  probably  in  some  degree  due  to  the  better  average 
of  the  seasons  themselves  in  the  later  years ;  and,  consequently, 
that  had  it  been  otherwise,  the  unmanured  produce  would  have 
shown  some  slight  decline  in  the  later  years,  or  rather,  some  slight 
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excess  in  the  earlier  ones,  due  to  the  accumulation  of  many 
previous  courses  of  manuring;  and  cropping. 

These  few  illustrations  will  serve  to  indicate  the  degree,  or 
limit,  of  the  influence  of  any  slight  progressive  improvement  in 
the  character  of  the  seasons  of  the  experimental  period,  and  thus 
prepare  the  way  for  considering  the  effects  of  accumulation,  or 
exhaustion,  of  constituents,  from  the  manuring  and  cropping  of 
preceding,  on  the  produce  of  succeeding  years. 

II,  Effects  of  the  unexhausted  residue  from  previous 

MAKURINQ  upon  SUCCEEDINQ  CROPS. 

When  the  same  crop  has  been  grown  for  many  years  in  sue* 
cession  on  the  same  land,  in  some  cases  with  a  change  of 
manures,  and  in  others  with  the  same  manure  year  after  year,  it 
is  obviously  essential  to  a  right  interpretation  of  the  results 
obtained,  carefully  to  consider  the  effects  of  the  unexhausted 
residue  from  previous  manuringf-  upon  the  succeeding  crops. 
The  questions  of  the  permanency  of  effect  of  different  manures, 
and  of  the  tendency  to  exhaustion  which  partial  manuring  may' 
induce,  are,  moreover,  of  great  practical  importance,  and  are 
frequently  discussed  by  practical  men. 

These  questions  cannot,  however,  be  satisfactorily  dealt  with 
without  such  evidence  as  the  accurate  record  of  the  amounts  of 
produce  obtained  year  after  year,  on  the  application  of  manures 
of  known  description  and  amount,  can  alone  afford.  The  results 
of  the  experiments  which  form  the  subject  of  this  Report 
obviously  provide  data  well  fitted  to  aid  the  elucidation  of  some 
of  the  important  points  involved.  The  subject  is  necessarily 
one  of  detail,  requiring  analytical  as  well  as  field  results  for  its 
full  consideration ;  but  it  will  be  here  treated  of  by  reference 
to  the  field  results  alone,  and  only  so  far  as  may  be  necessary  to 
aid  the  proper  interpretation  of  the  results  themselves,  and  to 
give  some  indication  of  their  bearings  upon  the  important  prac- 
tical questions — on  the  one  hand  of  accumulation,  and  on  the 
other  of  exhaustion. 

The  results  first  adduced  will  illustrate  more  particularly  the 
effects  upon  succeeding  crops  of  an  accumulated  residue  from 
previous  nitrogenous  manuring. 

In  the  first  year  of  the  20  of  the  experiments,  plot  4  was 
manured  with  die  ashes  of  farmyard-dung,  and  gave  no  increase 
of  produce  whatever ;  during  the  next  7  years  it  was  manured 
widi  superphosphate  of  lime  and  sulphate  of  ammonia,  the  latter 
in  amount  averaging  about  277  lbs.  per  acre  per  annum ;  and 
throughout  the  subsequent  12  years  it  received  no  manure  what- 
ever.  Table  XXIII.  shows  the  produce  and  increase  obtained 
during  the  7  yean  of  the  application  of  the  artificial  manures. 
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and  also  during  the  succeeding  12  years  under  the  influence  of 
the  previous  heavy  cropping,  and  of  the  unexhausted  residue  of 
the  previous  mineral  and  ammoniacal  manuring : — 

Table  XXIII. — ^Pboducb  and  Ixcreabe  of  Wheat  oLtaiqed  during  7  Tears 
of  the  application  of  Phosphatic  and  Ammoniacal  Manure,  and  during  the 
12  siiccceding  Years  without  Manure. 


• 

MANURES,  Ac 

7  Teiurt,  Manured. 
1845—1861. 

12  Years,  Unmanared . 
1862-I86;i. 

Rots, 

Total. 

Average 
Annual. 

1 

TotaL 

ABQUal. 

Dressed  Com,  per  Acre  ;  in  Bushels  and  Pecks. 

4 
3 

Saperphosphate  of  Lime,  &  Sulphate*^ 
of  Ammonia,  annually,  for  7  years/ 
Continuously  unmanured 

Increase 

193    0 
123     2f 

27     2} 
17     2f 

!  203     li 
185     3i 

16    3i 
15     2 

69     U 

9     3} 

17     2\ 

1     If 

Weight  per  Bushel  of  dressed  C( 

)m,  Ihs. 

4 

3 

Saperphosphate  of  Lime,  &  Sulphate'^ 
of  Ammonia,  annually,  for  7  years/ 
Continuously  unmanured 

Difference     ..     .. 

•  • 

•  • 

61-2 
60*2 

1 

•  • 

1 

1 

57-2 

56*5 

•• 

I'O 

1 

•   • 
1 

0-7 

Total  Corn,  per  Acre ;  \h 

1. 

4 

3 

Saperphosphate  of  Lime,  &  Sulphate) 
of  Ammonia,  annually,  for  7  years/ 
Continuously  unmanured 

Increase        ..     .. 

12,786 
8,037 

1827 
1148 

12,858 
11.567 

1072 
964 

4,749 

679 

1,291 

108 

Total  Straw  (and  Chaff),  per  Ac 

re;  lbs. 

4 

3 

!  Saperphosphate  of  Lime,  &  Sulphate'i 
of  Ammonia,  annually,  for  7  years/ 
'  Continuously  unmanured 

20,620 
12,799 

2946 
1828 

20,783 
,  19,940 

1732 
1662 

Increase 

1 

7,821 

1118 

l'         843 

1 

70 

Total  Produce  (Corn  and  Straw),  pc 

r  Acre ;  1 

bs. 

4 
3 

Saperphosphate  of  Lime,  ASulphatel 
of  Ammonia,  annually,  for  7  years/ 
Continaously  unmanured        ..      .. 

Increase        ••     •• 

33,406 
20,836 

4773 
2976 

11  33,641 
I  31,507 

1 

2804 
SC26 

■ 

12,570 

1797 

1      2,134 

i! 
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After  the  ashes  of  farmyard-dung  had  been  used  without  giving 
any  increase,  the  phosphatic  and  ammoniacal  manuring  gave, 
during  the  7  years  of  its  application,  a  total  increase  of  about  69 J 
bushels  of  dressed  corn,  and  7821  lbs.  of  straw;  or  an  average 
annual  increase  of  nearly  10  bushels  of.  dressed  corn,  and  1118 
Ibs^  or  about  half  a  ton  of  straw.  These  amounts  would  re- 
move from  the  land  only  about  one-third  of  the  nitrogen,  and 
one-seventh  of  the  phosphoric  acid  supplied  in  the  manure ;  to 
say  nothing  of  the  phosphoric  acid,  and  all  other  mineral  consti- 
tuents, supplied  in  the  first  year  of  the  experiments  (1843-4)  in 
the  form  of  the  ashes  of  farmyard-dung,  x  et  the  total  amount 
of  increase  obtained  during  the  next  12  years,  due  to  the  large 
residue  from  the  previous  manuring,  was  only  17 J  bushels  of 
com,  and  843  lbs.  of  straw,  or  of  com  about  one-fourth  and  of 
straw  about  one-ninth  as  much  as  that  yielded  during  the  seven 
years  of  the  application  of  the  phosphate  and  ammonia.  The 
average  annual  increase  over  the  12  years  amounted  to  less  than 
1^  bushel  of  dressed  corn  and  to  70  lbs.  of  straw. 

This  experiment  was  arranged  for  the  purpose  of  determining 
whether  during  the  later  years  there  would  be  a  less  produce 
than  on  the  continuously  unmanured  plot,  indicating  exhaustion 
of  the  available  alkalies  and  silica  during  the  7  years  of  forcing 
by  the  application  of  other  constituents  to  their  exclusion;  or 
whether  there  would  be  an  increase,  due  to  the  accumulation  in 
the  soil  of  nitrogen  and  phosphoric  acid,  in  which  case  it  might 
be  concluded  that  there  was,  as  yet,  no  deficiency  of  available 
alkalies  and  silica  in  the  soil,  relatively  to  the  annually  available 
supplies  of  nitrogen  from  natural  sources.  The  latter  proved  to 
be  the  case.  In  fact,  there  is  no  doubt  that  the  farmyard  manure 
ashes  applied  in  the  first  year,  would  supply  at  any  rate  consi- 
derably more  potass  than  was  removed  by  the  increased  jproduce 
during  the  next  7  years.  It  will  perhaps  be  objected,  that  the 
increase  would  have  been  much  greater,  both  during  and  after 
the  7  years,  had  fresh  supplies  of  alkalies  been  provided.  Under 
the  conditions  of  the  experiment,  such  as  they  were,  however, 
the  unexhausted  residue  of  previous  manuring  was  obviously 
very  slowly  available  in  succeeding  seasons. 

Again,  to  a  portion  of  the  experimental  plot  3,  from  which 
12  unmanured  crops  of  wheat  had  been  taken — a  kind  of  treat- 
ment which  it  has  been  alleged  by  Baron  Liebig  would  bring 
our  soil  into  such  a  condition  of  exhaustion  of  available  mineral 
constituents  that  it  would  yield  no  increase  on  the  application  of 
ammonia-salts  alone — a  dressing  of  these  salts  was  applied  in  the 
13th  season,  and  then  7  crops  were  taken  without  further  manure, 
in  order  to  trace  the  degree  or  limit  of  the  effect  of  the  unex- 
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hausted  residue  of  nitrogfen  supplied.     The  results  are  given  in 
the  foUowing  Table  (XXIV.)  :— 

Table  XXIV. — Phoducb  and  Increase  of  Wheat,  both  in  the  Year  of 
Application,  and  during  t^e  7  succeeding  Tears,  by  the  use  of  Ammonia- 
salts  alone  for  1  Year  after  12  Crops  without  Manure. 


Plots. 


MANURES,  Ac. 


1  Year, 

Manurel 

(after  12 

Unma- 

Duml). 

ItfoG. 


Total. 
7  Yean 
Unma- 

nared. 

1837— 

1H63. 


Dressed  Com,  per  Acre ;  in  Bushels  and  Pecks. 

8a 
3 

400  lbs.  Ammonia-salts  for  1856,  afterwards  unmannred 
Continuously  nnmanured        

Increase  by  Ammonia-salts 

1 
28    0} 

14     2 

1 

115     0} 
113     2f 

13     2i  , 

1 

1     2 

Weight  per  Bushel  of  Dressed  Com ;  lbs. 


3a 
3 


400  lbs.  Ammonia-salts  for  1856,  afterwards  unmannred 
Continuously  unmannred        

Increase  by  Ammonia-salts 


••     • » 


56 

•3 

54' 

'3 

2" 

0 

Total  Cora,  per  Acre ;  lbs. 


3a 
3 


400  lbs.  Ammonia-salts  for  1856,  afterwards  unmannred 
Continuously  unmannred        •     .. 

Increase  by  Ammonia-salts 


••     •• 


1759 
892 


7138 
7025 


867 


113 


3a 
3 


Total  Straw  (and  Chaff),  per  Acre  ;  lbs. 


400  lbs.  Ammonia-salts  for  1856,  afterwards  nnmanured 
Continuously  unmannred        

Increase  by  Ammonia-salts 


•  •     •< 


3052 
1558 


1494 


11,836 
11,448 

388 


Total  Produce  (Com  and  Straw),  per  Acre ;  lbs. 


3a 
3 


400  lbs.  Ammonia> salts  for  1856,  afterwards  nnmanured 
Continuously  unmannred        •     •. 

Increase  by  Ammonia-salts 


••     •• 


4811 
2450 


2361 


18,974 
18,473 


501 
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Thus,  400  lbs.  of  ammonia-salts  per  acre,  applied  on  land  which 
had  grown  turnips,  barley,  peas,  wheat,  and  oats  since  manuring, 
and  then  12  crops  of  wheat  without  manure,  and  applied,  more* 
over,  in  a  season  of  inferior  grain-producing  quality,  gave  in  the 
year  of  the  application  an  increase  of  about  13^  bushels  of  dressed 
com,  and  1494  lbs.  or  rather  more  than  13^  cwts.  of  straw.  This 
amount  of  increase  would,  however,  carry  off  only  about  one- 
fourth  of  the  nitrogen  supplied.  Yet  the  total  increase  obtained 
without  further  manure  during  the  7  succeeding  years,  was  only 
1-^  bushel  of  dressed  corn,  and  388  lbs.,  or  about  3^  cwts.,  of 
straw.  Here  again,  {hen,  the  residue  of  the  previous  nitrogenous 
manuring  was  but  very  slowly,  and  very  partially,  recovered  in 
the  succeeding  crops. 

It  may,  of  course,  be  alleged  against  this  experiment,  that 
die  want  of  effect  of  the  residue  of  the  previous  nitrogenous 
manuring  was  due  to  the  exhaustion  of  mineral  constituents. 
The  experiment  next  considered  is  less  open  to  this  objection. 

Plot  5  was  variously,  but  liberally,  manured  during  the  first 
8  years  of  the  experiments.  During  that  period,  considerably 
more  nitrogen,  more  than  twice  as  much  potass  and  phosphoric 
acid,  and  probably  more  of  every  other  mineral  constituent, 
except  silica,  had  been  applied  in  the  manures  than  was  taken 
off  in  the  total  produce ;  and  very  much  more,  therefore,  than 
was  contained  in  the  increase  of  produce.  In  each  of  the  12 
succeeding  years,  a  mixed  mineral  manure,  supplying  liberally 
potass,  soda,  magnesia,  lime,  sulphuric  acid,  and  phosphoric 
acid  (but  no  silica),  was  applied.  Table  XXV.  (over  leaf)  shows 
the  results  obtained  during  these  12  years. 

It  is  seen  that  the  total  increase  obtained  during  12  years  by 
the  annual  use  of  a  liberal  mixed  mineral  manure,  succeeding  8 
years  of  accumulation  of  nitrogen  and  mineral  constituents,  was 
only  about  35^  bushels  of  dressed  com,  and  2827  lbs.,  or  about 
25^  cwts.  of  straw ;  equal  to  an  average  annual  increase  of  less 
than  3  bushels  of  dressed  corn,  and  litde  more  than  2  cwts.  of 
straw. 

The  question  arises — is  this  amount  of  increase  due  to  the 
mineral  manures  applied  during  the  12  years  of  its  production, 
or  is  the  whole,  or  part  of  it,  to  be  attributed  to  the  previous 
accumulation  ?  Doubtless  part  is  due  to  previous  accumulation, 
and  part  only  to  the  direct  effect  of  the  newly-supplied  mineral 
manure  in  enabling  the  plant  to  avail  itself  more  fully  of  the 
natural  supplies  of  the  soil  and  season.  Even  were  nearly  the 
whole  attributable  to  accumulation  of  nitrogen  previously  sup- 
plied, the  amount  is  very  small  compared  with  that  from  direct 
nitrogenous  manure.  In  fiaict,  the  limit  of  the  effect  of  the  unex- 
hausted residue  from  the  nitrogenous  manuring  of  the  earlier  years 


62 


Report  of  Experiments  en  the  Growth  cf  Wheat. 


Table  XXV, — ^Pbodttcb  and  Ikgbbabe  of  Wheat  obtained  during  12  Tears 
with  Mixed  Mineral  Manure,  after  8  Years  of  liberal  Nitrogenous  and 
Mineral  Manuring. 


• 
HANUBES,  &a : 

12  Tears.  1852—1863. 

Plots. 

TotaL 

Average 

AnnuaL  ' 

Drefwed  Com,  per  Acre ;  in  Bushels  and  Pecks. 

5 
3 

Mixed  Mineral  Manure  alone,  every  year  . 
TTrnnanured.  every  year ..      .•     ..      n     > 

•     •• 

•  • 

221     Of 
185     Z\ 

18     If 
15     2 

Increase      

•  • 

35     \\ 

2     3f 

Weight  per  Bushel  of  Dressed  Com 

;  lbs. 

5 
3 

Mixed  Mineral  Manure  alone,  every  year  . 
TTnmanuTed.  every  year         . .      . .     « >     » 

•          • » 

•  • 

•• 
•  • 

67-9 
56*5  ' 

Increase      ••     ••     ••     .. 

• . 

1'4 

Total  Cora,  per  Acre ; 

lbs. 

5 
3 

Mixed  Mineral  Manure  alone,  every  year 

TJnmanured.  every  year .. 

13,888 
11,567 

1157 

964 

Increase       

2,321 

193 

Total  Straw  (and  Chaff),  per 

Acre; 

lbs. 

5 
3 

Mixed  Mineral  Manure  alone,  every  year 

TJnmannred.  every  year -t     ..     .t     t. 

22,7C7 
19,940 

1897 
16fi<) 

Increase      

2,827 

235 

StVkt 

Total  Produce  (Com  and  Straw), 

per  Acre ;  lbs. 

5 
3 

Mixed  Mineral  Manure  alone,  every  year 

Unmannred,  every  year . .      ..      ..     ..      ,. 

36, €55 
31,507 

3054 
2626 

Increase       

5,148 

49fi 

is  seen  to  be  such,  that  it  is  obvious  the  average  results  of  the 
different  manures  over  the  last  12  years,  may,  in  most  cases,  be 
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taken  as  sufficiently  nearly  indicating  their  compafative  effects 
in  a  practical  point  of  view. 

If,  however,  the  increase  on  plot  5  daring  the  12  years  is  to 
be  referred  in  any  great  part  to  previous  accumulation,  what  an 
insignificant  amount  remains  as  the  efTec't  of  the  mixed  mineral 
manure  in  restoring  the  productiveness  of  the  wheat-exhausted 
soil.  It  will,  perhaps,  be  said  that  it  would  have  been  greater 
if  silica  in  an  available  form  had  also  been  supplied.  Baron 
Liebig  has,  however,  maintained  that,  provided  there  be  a 
sufficiency  of  available  alkali  in  the  soil,  there  will  never  be  a 
deficiency  of  available  silica.  Our  own  analytical  results  do  not 
justify  this  conclusion  in  all  its  fulness.  At  the  same  time,  it 
may  be  stated  that  the  mixed  mineral  manure  employed  did 
supply  a  gpreat  excess  of  available  alkali  ;  and  that  when  to  the 
same  mineral  manure  400  lbs.  of  ammonia-salts  were  annually 
added  there  was  a  further  annual  increase  of  nearly  18  bushels 
of  dressed  corn,  and  nearly  202^  cwts.  of  straw,  notwithstanding 
the  exclusion  of  silica  from  the  manure. 

The  next  selection  of  results  affords  even  more  direct  and 
more  striking  evidence  of  the  comparatively  small  immediate 
effects  of  the  supposed  unexhausted  residue  from  previous  nitro« 
genous  manuring. 

During  the  first  8  years  of  the  experiments,  plots  17  and  18 
received  much  about  the  same  amounts  of  nitrogen,  potass,  and 
phosphoric  acid,  and  yielded  about  the  same  amounts  of  total 
produce  as  plot  5 ;  plot  1 8,  however,  received  rather  less  than 
the  others.  The  accumulation  of  nitrogen  and  mineral  con- 
stituents was,  in*  fact,  practically  very  nearly  the  same  on  all 
3  plots.  From  this  time,  instead  of  receiving  mineral  manure 
every  year  as  plot  6,  each  of  the  other  two  plots  (17  and  18) 
received  ammonia-salts  and  mixed  mineral  manures  alternately. 
In  other  words,  when  plot  17  was  manured  with  ammonia- 
salts,  plot  18  was  manured  with  the  mixed  mineral  manure, 
and  vice  versa;  so  that,  each  year,  the  one  had  ammonia- 
salts  immediately  succeeding  the  mixed  mineral  manure,  and 
the  other  the  mixed  mineral  manure  immediately  succeeding 
ammonia -salts.  .  The  detailed  results  of  this  most  interest- 
ing experiment  are  recorded  in  the  Appendix  Tables,  and 
some  of  them  are  exhibited  in  the  coloured  diagram  No.  II. 
(facing  p.  69),  to  which  reference  will  be  made  further  on. 
But  the  point  to  which  attention  is  now  to  be  particularly 
directed  is  the  amount  of  increase  obtained  when  the  mixed 
mineral  manure  each  year  succeeded  ammonia-salts,  as  on  plots 
17  or  18,  compared  with  that  obtained  when  the  same  mixed 
mineral  manure  was  employed  year  after  year  on  the  same  plot, 
as  on  plot  5«    Table  XXVI,  illustrates  this  point : — 
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Table  XXVI.— Pboducb  of  Wheat  by  Mixed  Mineral  Manure  each  Year 
succeeding  Ammonia-salts,  compared  \vith  that  by  Mixed  Mineral  Manure 
Year  after  Year. 


]2  Tears,  1852—1863. 


Average 

AnnuaL 


Dressed  Com,  per  Acre ;  in  Bushels  and  Pecks. 


17  oris 


5 


Mixed  Mineral   Mannre,   each  year  succeeding^ 

400  lbs.  Ammonia-salts         / 

Mixed  Mineral  Manure,  every  year       

Increase 


225    3},  18    3} 
221     Of!  18     If 


4     2}'     0     li 


Weight  per  Bushel  of  Dressed  Corn  ;  lbs. 


17  or  18 
5 


Mixed  Mineral  Manure,  each  year  succeeding'! 

400 lbs.  Ammonia-salts         ../ 

Mixed  Mineral  Manure,  every  year       ..     •« 

Increase 


58-0 
57'9 


0-1 


Total  Com,  per  Acre ;  lbs. 


17  or  18 
5 


Mixed  Mineral   Manure,  each   year  succeeding'^ 
400  lbs.  Ammonia-salts        


Mixed  Mineral  Manure,  every  year 

Increase    .. 


14,177 
13,888 


289 


1181 
1157 


24 


Total  Straw  (and  Chaff),  per  Acre ;  lbs. 


17  or  18 
5 


Mixed  Mineral  Manure,  each  year   succeeding) 

400  lbs.  Ammonia-salts        / 

Mixed  Mineral  Manure,  every  year      

Increase 


1985 
1897 


88 


Total  Produce  (Com  and  Straw),  per  Acre ;  lbs. 


17  or  18 
5 


Mixed  Mineral   Manure,  each  year  succeeding*^ 

400  lbs.  Ammonia-salts        ..      ..     • / 

Mixed  Mineral  Manure,  every  year      

Increase 


£8,000 
36,655 

1,345 


3166 
3054 

112 
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Assuming,  as  doubtless  was  the  case,  that  at  the  commencement 
the  3  plots  were  practically  in  very  nearly  the  same  condition  of 
productiyeness,  it  might  be  supposed  that  the  mixed  mineral 
manure  applied  each  year  after  ammonia-salts,  as  on  plots  17  or 
18,  thus  providing  the  most  favourable  conditions  for  the  pro- 
ductive effect  of  the  unexhausted  nitrogenous  residue,  would 
give  a  considerable  increase  beyond  that  on  plot  5,  where  the 
mineral  manure  each  year  succeeded  mineral  manure.  Table 
XXVI.  shows,  however,  that  plots  17  or  18  gave  annually  only 
about  -t  bushel  of  com,  and  f  cwt  of  straw  more  than  plot  5. 
Yet  the  average  increase  obtained  in  the  years  of  the  application 
of  the  ammonia-salts  on  plots  17  or  18,  though  always  succeed- 
ing the  mineral  manure,  would  carry  off  little  more  than  one- 
third  of  the  nitrogen  supplied;  whilst,  as  the  next  Table 
(XXVII.,  p.  66)  shows,  this  increase  was  considerably  less 
than  when  the  ammonia-salts  were  used  in  conjunction  with, 
instead  of  in  succession  to,  the  mixed  mineral  manure. 

Thus,  in  the  course  of  12  years,  an  annual  supply  of  400  lbs. 
of  ammonia-salts,  each  year  succeeding  the  mixed  mineral 
manure,  gave  45  bushels  less  corn,  and  5475  lbs.,  or  nearly  49 
cwts.,  less  straw,  than  the  same  amount  of  ammonia-salts  used 
each  year  in  conjunction  with  the  mixed  mineral  manure — being 
an  average  annual  deficiency  of  about  3f  bushels  of  com,  and 
rather  more  than  4  cwts.  of  straw,  where  the  ammonia-salts  were 
used  in  the  year  after,  instead  of  with  the  mineral  manure. 
Even  adding  the  average  annual  increase  (over  the  unmanured 
produce)  by  the  ammonia-salts  succeeding  the  mineral  manure, 
to  that  by  the  mineral  manure  succeeding  the  ammonia- 
salts,  the  amount  scarcely  reaches  that  obtained  where  the  two 
manures  were  used  in  conjunction.  That  is  to  say,  the  influ- 
ence of  the  mineral  manure  succeeding  the  ammonia-salts  seems 
to  have  been  to  render  practically  available,  at  any  rate  no  more 

I  of  the  unrecovered  residue  of  the  supplied  nitrogen  than  brought 

up  the  increase  in  two  years  to  that  attainable  in  the  one  year 
when  the  two  manures  were  used  together,  the  whole  of  the 
remainder  being  still  unaccounted  for,  so  far  as  the  immediate 
increase  of  crop  is  concerned. 

j  The  facts  brought  to  view  in  the  last  five  Tables  (XXIII. — 

I  XXVII.),  are  of  great  scientific  interest,  and  of  great  practical 

I  importance. 

It  has  been  alleged  by  Baron  Liebig  that,  in  some  of  our  experi- 
ments, there  has  been  so  much  more  nitrogen  annually  applied 
in  manure  than  taken  off  in  the  increase  of  crop,  that  after  a  few 
years  the  increase  obtained  on  a  further  addition  was  not  at  all 
due  to  the  new  supply,  bat  would  have  been  the  same  without  it. 
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Table  XXVII. — PfiODtrcE  of  Wheat  by  Ammonia-salts  each  Year  in  con- 
junction with  the  Mixed  Mineral  Manure*  compared  with  that  by  Ammonia- 
salts  each  Year  succeeding  the  Mixed  Mineral  Manure. 


I 

Plota.^ 

MAKUUES,  te. 

12  Yean,  1852^1863. 

Total. 

Average 
Annual. 

Dressed  Com,  per  Acre  ;  in  Bushels  and  Pecks. 

7 
17  or  18 

400  lbs.  Ammonia-salts  and  Mixed  Mineral  Manare,^ 
every  year      ../l 

400  lbs.    Ammonia-salts,    each    year    succeeding  1 
Mixed  Mineral  Manure        / 

436     2 
391     1} 

36     li 
32     2} 

Difference        

45     0} 

3    3 

Weight  per  Bushel  of  Dressed  Com ;  lbs. 

7 
17  or  18 

400  lbs.' Ammonia-salts  and  Mixed  Mineral  Manure,  j 
every  year      j 

400  lbs.    Ammonia-salts,    each   year    sacceeding) 
Mixed  Mineral  Manure        / 

Difference        

•  • 
•• 

58*4 
£8-7 

•  • 

0-3 

Total  Com,  per  Acre ;  lbs. 

7 
17  or  18 

400  lbs.  Ammonia-salts  and  Mixed  Mineral  Manure,  1 
every  year       / 

400  lbs.    Ammonia-salts,    each  year   succeeding! 
Mixed  Mineral  Manure        / 

Difference        ..     .. 

27,30G 
24,652 

2275 

20.'>4  . 

2,654 

221 

Total  Straw  (and  Chaflf),  per  Acre;  lbs. 

7 
17  or  18 

400  lbs.  Ammonia-salts  and  Mixed  Mineral  Manure,! 

every  year       / 

400  lbs.    Ammonia-salts,    each   year   succeeding'^ 

Mixed  Mineral  Manure        / 

Difference        

50,539 
45,064 

4212 
3755 

5,475 

457 

Total  Produce  (Com  and  Straw),  per  Acre ;  lbs. 

17  or  18 

400  lbs.  Ammonia-salts  and  Mixed  Mineral  Manure, ) 
every  year       ..      ,.] 

400  lbs.    Ammonia-salts,    each    year   succeeding) 
Mixed  Mineral  Manure        / 

Difference        *•     ..     •• 

77,845 
69,716 

6487* 
5809 

8,129 

€78 

Beport  of  Experiments  on  the  Growth  of  WhecA.  67 

by  virtue  of  the  large  accumulation  within  the  soil  from  the 
previous  manuring.  The  results  adduced  show  that  there  is  no 
foundation  in  fact  for  this  assumption. 

It  is  demonstrated  that,  of  the  nitrogen  supplied  in  manure  for 
wheat,  and  not  removed  in  the  immediate  increase  of  crop,  so 
much  as  remains  in  the  soil  is  in  such  a  state  of  combination,  or 
distribution,  as  to  be  extremely  slowly  recoverable  by  succeeding 
crops  of  the  same  description.  How  far  such  residue  would  be 
more  rapidly  available  to  a  succession  of  crops  of  different 
descriptions,  taking  different  ranges  within  the  soil,  and  having 
difierent  habits,  and  requiring  different  conditions,  of  growth 
in  other  respects,  is  a  very  important  question,  both  in  a  scientific 
and  practical  point  of  view.  It  would  be  impossible  to  consider 
adequately  in  this  place  the  evidence  in  our  possession  bearing 
upon  this  point;  but  it  may  be  remarked,  in  passing,  that  it  is 
in  favour  of  the  supposition  that  other  plants  grown  in  alterna- 
tion with  the  cereals  do  gather  up,  within  a  given  time,  more  of 
the  nitrogen  supplied  for,  but  unused  by,  the  latter,  than  a  suc- 
cession of  them  would  do ;  and  even  barley  seems  capable  of 
utilizing,  within  a  given  time,  a  much  larger  proportion  of  the 
nitrogen  of  manure  not  recovered  in  the  immediate  increase  of 
the  crop  than  wheat 

Although  the  excess  of  the  nitrogen  supplied  in  the  manure 
beyond  that  taken  off  in  the  increase  of  the  crop  for  which  it 
was  applied  had  such  little  influence  upon  the  next  succeeding 
crop,  analysis  of  the  soils  from  several  of  the  experimental  plots 
has  shown  that  there  is  an  accumulation  of  nitrogen  in  some 
form.  Nor  can  there  be  any  doubt  that,  except  in  special  cases, 
soils  become  richer  rather  than  poorer  in  nitrogen  in  the  course 
of  cultivation ;  showing  a  gradual  accumulation  of  nitrogen  beyond 
that  annually  available  for  the  crops.  In  illustration,  it  is  sufH- 
cient  to  refer  to  the  fact,  that  the  percentage  of  nitrogen  in 
surface-soils  is  found  to  be  much  higher  than  in  the  subsoils  on 
which  they  rest ;  that  is  to  say,  it  is  the  higher  the  more  they 
are  exposed  to  the  contact  of  the  roots,  the  debris  of  the  crops, 
the  manure,  and  the  atmosphere. 

Leaving  out  of  consideration  the  question  whether  or  not  there 
is  an  actual  loss  of  a  portion  of  the  nitrogen  supplied  in  the 
manure,  either  through  the  agency  of  the  growing  plant,  or  from 
the  transformation  of  nitrogenous  compounds  within  the  soil,  and 
evaporation  in  some  form,  or  drainage  beyond  the  reach  of  the 
roots,  the  obvious  practical  conclusion  from  the  results  hitherto 
adduced  in  this  Section  is,  that,  of  the  nitrogen  supplied  in 
manure  for  the  growth  of  wheat,  a  lai^c  proportion  remains 
unrecovered   as   increased   yield   in  the   immediate  crop,   and 
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is  but  very  slowly,  if  ever  fully,  recovered  in  succeeding 
crops. 

The  next  question  to  consider  is,  the  degree,  or  limit,  of  effect  on 
succeeding  crops,  of  the  unexhausted  residue  of  mineral  manures. 
This  point  is  illustrated  in  a  very  interesting  manner  in  the 
coloured  diagrams  (I.  and  II.)  facing  p.  69. 

The  results  obtained  on  plots  3,  10a,  and  106,  to  which  dia- 
gram I.  relates,  will  be  first  noticed.  The  diagram,  which  will 
be  easily  understood  on  inspection,  shows  at  one  view  the  general 
character  of  the  manuring,  and  the  bushels  of  corn  obtained  per 
acre,  on  each  of  the  plots,  in  each  of  the  20  years  of  the  experi- 
ments (harvests  1844-1863  inclusive) ;  and  the  following  is  a 
more  detailed  description  of  the  experiments  and  their  results : — 

Plot  3  was  unmanured  throughout  the  20  years,  and  during 
several  previous  seasons. 

Plots  10a  and  \0b  had  the  same  mineral  manure  in  the  first 
year  (1843-4).  10a  had  ammonia-salts  in  each  of  the  19  succeed- 
ing years.  106  had  the  same  amounts  of  ammonia-salts  in  17 
out  of  the  19  years  ;  in  the  3rd  year  of  the  experiments  (1846)  it 
was  left  unmanured,  in  the  5th  (1848)  it  had  mixed  mineral 
manure  with  the  ammonia-salts,  and  in  the  7th  (1850)  mixed 
mineral  manure  alone. 

The  following  Table  shows  the  total  amounts  of  the  different 
manures  applied  per  acre  on  each  of  the  two  plots  (lOa  and  106) 
during  the  19  years,  1845-1863  inclusive  :— 

Table  XXVIIT. 


Sulphate  of  A  mmonia    . . 
Muriate  of  Ammonia 

Bone-ash 

Sulphuric  Acid  (Sp.  gr.  1'7) 

Pearl-ash  ..      

Soda-ash 

Sulphate  of  Magnesia 


PlotlOo. 

1 

riot  10&. 

1 

Iha, 

lb8. 

3692 

32  ^8 

84G8 

3-:c8 

400 

300 

600 

1 

400 

200 

over  or  under 
106. 

lbs. 
-1-424 
-f-200 

-400 
-300 
-600 
-400 
-200 


In  the  1st  year  (1843-4),  although  the  land  was  in  that  state 
of  practical  exhaustion  consequent  on  the  removal  of  turnips, 
barley,  peas,  wheat,  and  oats  since  the  last  application  of  farmyard- 
manure,  plots  10a  and  106,  manured  with  silicate  of  potass  and 
superphosphate  of  lime,  gave  less  than  half  a  bushel  of  dressed 
com,  and  only  77  lbs.  of  total  produce  more,  per  acre,  than  the 
unmanured  plot  (3). 


t  -^ 


I  Pk 


1. 
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ithe  2nd  year  (1845),  10a  and  lOi  were  both  manured  with 
»nia-salts  at  the  rate  of  336  lbs.  per  acre,  and  gave  rather 
than  31f  bushels  of  dressed  com,  and  rather  more  than 
I.  of  straw,  against  scarcely  23^  bushels  of  dressed  com, 
dy  24^  cwts.  of  straw,  on  plot  3  without  manure.  Thus, 
a  mixed  mineral  manure  gave  scarcely  any  increase  what- 
in  the  first  year,  ammonia-salts  alone  gave  an  increase  of 
more  than  8^  bushels  of  dressed  com,  and  about  13f  cwts. 
tw,  in  the  second. 

the  3rd  season  (1845-6),  10a  being  again  manured  with 

lonia-salts,  gave  nearly  27^  bushels  of  dressed  corn,  and  20 

of  straw,  against  not  quite  18  bushels  of  dressed  corn,  and 

cwts.  of  straw,  on  the  continuously  unmanured  plot  (3). 

lonia-salts,  again  used  alone,  gave,  therefore,  an  increase 

irly  9^  bushels  of  dressed  com,  and  about  6}  cwts  of  straw. 

lot  1U6  was  left  this  year  unmanured,  and  it  gave  about 

(hel  less  dressed  com,  and   ^  cwt.  less  straw,  than  plot  3. 

\y  then,   neither  the  unexhausted  residue    of  the   mineral 

ire  supplied  in  1844,  nor  that  of  the  ammonia-salts  supplied 

15,  gave  any  increase  in  1846. 

the  4tb  year  (1846-7),  plots  10a  and  10ft,  so  differently  treated 

le  preceding  year,  were  again  equally  manured  with  am- 

ia-salts  alone.     The  result  was,  almost  identical  amounts  of 

com  and  straw  in  the  two  cases,  and  an  increase  over  the 

mured  plot  of  nearly  9  bushels  of  dressed  com,  and  about 

'ts.  of  straw. 

the  6th  year  (1847-8),  the  two  plots  again  received  equal 
ints  of  ammonia-salts,  but  106  had  in  addition  a  mineral 
mre  supplying  potass,  soda,  magnesia,  lime,  sulphuric  acid, 
phosphoric  acid.  Plot  106  was,  therefore,  in  a  more  favour- 
condition  than  plot  10a,  not  only  by  virtue  of  this  direct 
»ly  of  mineral  constituents,  but  also  on  account  of  the  less 
lustion  of  them  in  1846,  when,  being  left  unmanured,  it  gave 
luch  less  both  of  corn  and  straw  than  plot  10a.  The  result 
that,  with  14f  bushels  of  dressed  corn  on  the  unmanured 
(3),  10a,  with  ammonia-salts  alone  for  the  4th  time,  gave 
\^  and  106,  with  ammonia-salts  for  the  3rd  time,  and  with 
leral  manure  in  addition,  mther  over  25  bushels;  and  the 
>unts  of  straw  were,  on  plot  3,  15J,  on  plot  10a  rather  more 
21,  and  on  plot  106  rather  more  than  26  cwts.  There  was, 
jfore,  an  increase  of  4J-  bushels  of  dressed  com,  and  5f  cwts. 
straw,  on  plot  10a ;  and  of  lOJ  bushels  of  dressed  corn,  and 
cwts.  of  straw,  on  plot  106 ;  or  a  difference  in  favour  of  106, 
to  the  greater  abundance  of  mineral  constituents,  of  nearly 
ishels  of  dressed  com,  and  of  5  cwts.  of  straw.  There  was, 
already  in  the  4tb  year  of  the  application  of  the  ammonia- 
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salts  alone,  evidence  of  considerable  relative  deficiency  of  avail- 
able mineral  constituents,  notwithstanding  the  application  in  the 
1st  year  of  silicate  of  potass  and  superphosphate  of  lime.  Nor  is 
this  to  be  wondered  at  when  it  is  considered  that,  in  the  4  crops 
grown  by  ammonia-salts  alone,  there  would  probably  be  more  than 
five  times  as  much  potass,  about  three  times  as  much  phosphoric 
acid,  and  more  than  thirty  times  as  much  silica  removed  from 
the  land,  as  would  be  lost  to  it  in  a  whole  course  of  rotation  of 
turnips,  barley,  clover,  and  wheat — supposing  only  the  com  and 
meat  to  be  sold,  and  the  manure  produced  from  the  straw,  and 
the  consumption^of  the  roots  and  clover,  to  be  returned  to  the 
land. 

In  the  6th  year  (1848-9)  both  plots  were  again  equally  manured 
with  ammonia-salts  alone,  and  they  gave  almost  identical  quan- 
tities of  dressed  com,  amounting  to  about  13^  bushels  more  than 
that  on  the  unmanured  plot;  whilst,  of  straw,  10a  gave  an 
increase  of  about  11  cwts.,  and  the  much  less  exhausted  plot 
106  only  about  1  cwt.  more. 

In  the  7th  year  (1849-50),  10a  again  received  ammonia-salts 
alone,  and  gave  nearly  27  bushels  of  dressed  corn  and  27^  cwts. 
of  straw,  which  was  equal  to  an  increase  over  the  unmanured 
produce  of  nearly  11  bushels  of  corn  and  about  12J>  cwts.  of 
straw.  106,  on  the  other  hand,  had  a  manure  supplying  libe- 
rally every  mineral  constituent  at  all  likely  to  be  wanting, 
except  silica,  but  containing  no  ammonia,  and  the  result  was, 
an  increase  over  the  unmanured  plot  of  little  over  2  instead 
of  11  bushels  of  dressed  com,  and  of  only  about  2  instead 
of  12 J  cwts.  of  straw.  Thus,  even  in  the  6th  year  of  their 
application,  ammonia-salts  alone  gave  9  bushels  more  dressed 
corn  and  nearly  10^  cwts.  more  straw,  than  the  mixed  mineral 
manure  alone,  notwithstanding  that  a  relative  deficiency  of 
mineral  constituents  had  shown  itself  2  years  previously,  and 
that  even  on  106,  where  so  much  less  ammonia-salts  had  been 
applied  in  previous  years,  there  had  still  been  considerably  more 
than  twice  as  much  nitrogen  supplied  as  had  been  recovered 
as  increased  yield  in  the  crop.  The  defective  result  on  106,  by 
the  mineral  manure  alone,  could  not  be  due  to  the  want  of  avail- 
able silica,  since  the  exhaustion  of  it  was  very  much  less  than 
on  10a,  which,  nevertheless,  gave  so  much  more  produce.  It 
is,  moreover,  clear  that,  although  the  available  supply  of  mineral 
constituents  had  become  defective  in  relation  to  the  amount  of 
ammonia  artificially  supplied,  it  was  still  in  excess  relatively  to 
the  annually  available  supply  of  nitrogen  from  natural  sources. 

From  this  time  forward,  for  13  consecutive  years,  plots  lOa 
and  106  received  exactly  the  same  amount  of  ammonia-salts 
annually  (200  lbs.  sulphate  and  200  lbs.  muriate),  and  neither  of 
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them  any  mineral  manure.  During  the  first  2  years,  the  two 
plots,  previously  so  differently  manured,  gave  almost  identical 
amounts  of  produce ;  but  from  that  time  forward,  10(,  which,  in 
the  earlier  years,  had  the  ammonia-salts  omitted  twice,  and  twice 
received  the  mixed  mineral  manure  when  lOa  had  none,  gave 
every  year  several  bushels  of  corn  (with  its  proportion  of  straw) 
more  Xham  10a. 

It  is  clear  that  10a  had  become  relatively  very  deficient  in 
certain  mineral  constituents.  Nor  is  this  to  be  wondered  at 
when  the  circumstances  of  the  experiment  are  considered.  To 
say  nothing  of  silica  and  other  constituents,  the  first  7  crops 
taken  from  lOa  removed  about  If  time  as  much  phosphoric  acid, 
and  more  than  twice  as  much  potass,  as  were  supplied  in  the 
first  year  (1843-4).  On  the  other  hand,  106  received  in  manure 
during  the  same  7  years,  more  than  If  time  as  much  phosphoric 
acid,  and  more  than  twice  as  much  potass,  as  were  removed  in 
the  crops.  In  other  words,  10a  was  already  much  poorer,  and 
10&  much  richer,  in  both  phosphoric  acid  and  potass,  than  at  the 
commencement. 

.  If   these    circumstances   are   borne   in   mind    the   Summary 
Table  XXIX.,  given  overleaf,  will  have  considerable  interest. 

Daring  the  6  years,  1845-1850,  plot  10a  received  424  lbs. 
more  sulphate  and  200  lbs.  more  muriate  of  ammonia  than  plot 
106 ;  but  during  the  same  period  plot  106  received  600  lbs.  pearl- 
ash,  400  lbs.  soda-ash,  200  lbs.  sulphate  of  magnesia,  400  lbs. 
bone-ash,  and  300  lbs.  sulphuric  acid  (sp.  gr.  1*7),  whilst  plot 
10a  received  no  mineral  manure.  The  result  was,  that  whilst 
both  plots  gave  a  considerable  increase,  10a  gave  a  total  of  13} 
bushels  of  dressed  com,  and  1278  lbs.,  or  about  llf  cwts.,  of 
straw,  more  than  106 — equal  to  an  average  annual  increase  of  2\ 
bushels  of  dressed  com  and  nearly  2  cwts.  of  straw,  due  to  the 
larger  amount  of  ammonia-salts,  notwithstanding  the  much  more 
favourable  condition  of  106  as  to  mineral  constituents. 

Over  the  next  13  years,  1851-1863,  during  which  neither  plot 
received  mineral  manure,  and  both  the  same  amount  of  ammonia- 
salts  annually,  10a,  previously  so  much  more  exhausted  of 
mineral  constituents,  gave  51^  bushels  of  dressed  corn,  and  5483 
lbs.,  or  about  49  cwts.,  of  straw  less  than  106 — equal  to  an  average 
annual  deficiency  of  nearly  4  bushels  of  dressed  corn,  and  of  8i} 
cwts.  of  straw.  It  is  worthy  of  remark,  however,  that  although 
106  continues  to  give  notably  more  produce  than  10a,  due  to  the 
supply,  and  to  the  less  exhaustion,  of  mineral  constituents  during 
the  earlier  years,  it  appears  to  be  of  late  progressively  declining 
in  annual  yield,  and  even  somewhat  more  rapidly  than  10a  ;  for, 
if  the  average  annual  produce  of  the  last  6  years  be  compared 

with 
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Table  XXIX. — Produce  of  Wheat  on  Plot  10a  compared  with  that  on  lOJ, 
during  the  6  Years,  1845—1850,  the  13  Years,  1861—1863,  and  the  whole 
19  Years,  1845—1863. 

Plot  10a.  Ammonia-salifl  every  Year. 

Plot  106.  Without  MaDure  the  2nd  Year,  with  Mineral  Manure  the  4th  and  6th 
Ycai-s,  and  Ammonia-salta  the  1st,  3rd,  4th,  5th,  7tb,  and  succeeding  Years. 


6  Years,  1843— 1850.   > 

1 

ISTears.  1851— 1863. 

19  Years,  1845—1863. 

Plots. 

TotaL . 

Average 
Annual. 

Total 

Average 
Annual. 

Total. 

Average 
AnnuaL 

Dressed  Com,  per  Acre ;  in  Bushels  and  Pecks. 


10a 
106 

lOfl  over  or  nnder  106 


163     2i    27     li 
150     If    25    0} 

300     \\ 
351     3} 

23     0} 
27     0} 

p 

464    0 
502     U 

+  13     1 

+2     1 

-51     2} 

1 

-4     0 

-38     1} 

1 

24     If 
26     If 

-2     0 


Weight  per  Bushel  of  Dressed  Corn;  lbs. 


10a 
106 

.  * 

60-3 
60-6 

•  • 

•  • 

56*3 
57-4 

•  ■ 

•  • 

57-6 
58-4 

10a  over  or  under  106 

.  • 

-0*3 

1 

-1-1 

•  • 

-0-8 

Total  Com,  per  Acre ; 

lbs. 

10a 
106 

10,728 
9,833 

1788 
1639 

19,194 
22,254 

1476 
1712 

29,922 
32,087 

1575 
1689 

10a  over  or  under  106 

+  895 

+149 

-3,060 

-236     1 

-2165 

-114 

Total  Straw  (and  ChaflF),  per  Acre ;  lbs. 


10a 
106 

10a  over  or  under  106 


17,708 
16,430 

2951 
2738 

34,302 
39,785 

1 
2639 
3060 

52,010 
56,215 

+  1,278 

+213 

-5,483 

-421 

-4,205 

2737 
2958 


-221 


Total  Produce  (Com  and  Straw),  per  Acre ;  lbs. 


lOa 
106 

lOd  over  or  nnder  106 


28,436 
26,263 


+2,173 


4739 
4377 


+362 


53,496 
62,039 


-8,543 


4115 
4772 


-657 


81,932 
88,302 


■^•^^^^-•#" 


-6.370 


4312 
4647 


-335 
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with  that  of  the  preceding  6,  It  Is  found  that,  whilst  lOa  has  given 
\\  bushel  of  dressed  com  and  180  lbs.  of  straw,  10^  has  given 
1}  bushel  of  dressed  com  and  304  lbs.]  of  straw,  less  over  the 
later  than  over  the  earlier  period. 

Over  the  whole  19  years,  plot  10^,  with  its  larger  amount  of 
ammonia-salts  and  less  supply  of  mineral  constituents,  gave 
38^  bushels  of  dressed  com,  and  4205  lbs.,  or  about  37^  cwts.,  of 
straw  less  than  \0b — equal  to  an  average  annual  deficiency  of  2 
bushels  of  dressed  com,  and  nearly  2  cwts.  of  straw. 

Here,  then,  is  an  obvious  case  of  exhaustion  of  available 
mineral  constituents  relatively  to  the  available  supply  of  nitrogen, 
and  also  a  very  marked  effect  from  the  unexhausted  residue  of  the 
mineral  manures  applied  in  the  earlier  years. 

It  would  be  inappropriate  to  go  into  detail  as  to  the  compara- 
tive exhaustion  of  the  two  plots  in  respect  to  individual  mineral 
constituents  without  adducing  the  results  of  analysis  relating  to 
the  subject.  But  it  may  be  stated  generally,  that  the  average 
percentage  of  mineral  matter  is  considerably  lower  in  the  pro- 
duce of  plot  10a,  than  in  that  of  plot  3  without  manure ;  and 
farther,  that  in  the  ash  of  the  grain  the  proportion  of  phosphoric 
add,  and  in  that  of  the  straw  the  proportion  of  the  silica  more 
particularly,  is  becoming  reduced.  During  these  19  years,  how- 
ever, there  have  been  removed  from  the  plot  as  much  phosphoric 
acid  as  would  suffice  for  more  than  50  years,  as  much  potass  as 
would  suffice  for  more  than  100  years,  and  as  much  silica  as 
would  suffice  for  more  than  500  years  of  ordinary  rotation,  where 
only  com  and  meat  are  sold,  and  the  due  proportion  of  the  home- 
manures  are  periodically  returned  to  the  land ;  whilst  the  first 
five  crops  of  the  twenty  would  remove  about  as  much  phosphoric 
acid,  and  the  first  three  about  as  much  potass,  as  was  supplied 
in  the  first  year  of  the  experiments.*  Under  such  very  un- 
usual treatment,  it  is  certainly  not  surprising  that  the  annually 
available  mineral  constituents  of  the  soil  should  prove  to  be 
insufficient. 

Diagram  II.  (facing  p.  69),  further  illustrates  the  point  in 
question.  There  are  there  shown,  side  by  side,  the  bushels  of 
dressed  com  per  acre,  in  each  of  the  last  12  years  of  the  experi- 
ments, on  plots  3,  5,  17,  18,  lOo,  106,  and  7 ;  and  the  further 

*  Baron  Liebig  tells  bis  readers  that  we  applied  in  the  first  year  as  mnch  solable 
phosphoric  acid  as  would  be  contained  in  about  1750  lbs.  of  guano.  The  fact 
IS,  thsBit  the  total  phosphoric  acid  applied  would  b«  contained  in  about  one-half 
that  amount  of  Peruvian  guano  of  average  composition.  He  also  misrepresents 
our  conclusions ;  and  so,  as  in  other  instances,  by  the  aid  of  his  own  mis- 
statements, makes  a  point  for  ridicule  where  he  cannot  controvert.  (Einleitung ; 
and  <  Natimd  Laws  of  Husbandry/  p.  300,  and  context.) 
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conditions  and  results  of  the  difiereht  experiments  will  be  suffi- 
ciently understood  from  tlie  following  few  comments. 

It  is  seen,  as  shown  in  another  form  in  Table  XXVL,  that 
plots  5,  and  17  or  18,  give  almost  identical  amounts  of  average 
annual  produce,  and  therefore  of  average  annual  increase  over 
plot  3,  during  the  12  years  in  question — the  one  (plot  5)  having 
mixed  mineral  manure  alone  every  year,  but  succeeding  heavy 
dressings  of  mineral  manure  and  ammonia-salts  in  preceding 
years,  and  the  others  having  the  same  mixed  mineral  manure 
each  year  succeeding  an  excess  of  ammonia-salts  in  the  pre- 
ceding year,  and  succeeding  also,  as  on  plot  5,  mixed  mineral 
manure  and  ammonia-salts  in  the  earlier  years. 

But  the  point  which  it  is  the  chief  object  of  Diagram  11. 
to  illustrate  is,  the  very  different  effect  of  a  given  amount  of 
ammonia-salts  according  to  the  supply  of  available  mineral  con- 
stituents within  the  soil. 

During  each  of  the  12  years,  plots  10a,  106,  17  or  18,  and  7, 
each  received  exactly  the  same  amount  of  ammonia-salts ;  and, 
taking  the  results  of  each  year  separately,  the  order  as  to  amount 
of  produce  is,  invariably — plot  7  (highest),  17  or  18, 106,  and  lOfl 
(lowest) ;  that  is,  the  lowest  where  the  mineral  constituents  were 
the  most  exhausted,  and  the  highest  where  their  supply  was  most 
liberal. 

The  point  is  also  well  illustrated  by  reference  to  the  average 
annual  results  over  the  12  years.  Thus,  the  average  annual 
increase  (over  the  unmanured  produce)  was :— on  lOo,  with 
ammonia-salts  alone  (not  only  each  year  of  the  12,  but  for  seven 
years  previously),  7i  bushels  of  dressed  corn,  and  nearly  8^  cwts. 
of  straw :  on  106,  also  with  ammonia-salts  alone  every  year  of  the 
12,  and  for  some  years  previously,  but  with  mineral  manure  in  two 
oi  the  seven  preceding  years,  nearly  11 J  bushels  of  dressed  corn, 
and  12J  cwts.  of  straw ;  on  17  or  18,  where  ammonia-salts  each 
year  succeeded  mineral  manure,  17^-  bushels  of  dressed  com,  and 
nearly  18|  cwts.  of  straw ;  and,  lastly,  on  plot  7,  with  the  ammonia- 
salts  &nd  mixed  mineral  manure  used  each  year  together, 
nearly  21  bushels  of  dressed  com,  and  22|  cwts.  of  straw. 

With  the  same  amounts  of  ammonia-salts,  therefore,  there  was 
a  difference  in  the  amount  of  increase  of  produce  annually  ob- 
tained of  from  7i  bushels  of  dressed  corn  and  nearly  b^  cwts.  of 
straw,  to  20f  bushels  of  corn  and  22|  cwts.  of  straw,  according 
to  the  supply  of  available  mineral  constituents  within  the  soil. 
There  was  a  difference  of  from  7+  bushels  of  com  and  nearly  Si; 
cwts.  of  straw,  to  nearly  11 J  bushels  of  corn  and  12 J  cwts.  ot 
straw,  due  to  the  application  of  mineral  manure  twice  in  the 
earlier  years  of  the  experiments  (106)  ;  and  there  was  a  diflference 
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of  from  17i-  bushels  of  dressed  com  and  nearly  1^  cwts.  of 
straw,  to  20^  bushels  of  com  and  22|  cwts.  of  straw,  due  to  the 
application  of  the  mixed  mineral  manure  each  year  in  conjunction 
with  the  ammonia-salts,  instead  of  each  year  preceding  them  as 
on  plots  17  or  18. 

In  the  greater  amount  of  increase  on  106  than  on  lOoi  there  is 
striking  evidence  of  the  permanent  and  lasting  effect  of  the  unex- 
hausted residue  of  the  artificially  applied  mineral  constituents, 
if  only  available  nitrogen  be  provided  within  the  soil.  On  the 
other  hand,  the  greater  amount  of  increase  on  plot  7  than  on 
plots  17  or  18,  shows  the  much  greater  effect  of  the  mineral 
ccmstitnents  when  applied  at  the  same  time  with  the  an^monia- 
salts.  Nevertheless,  there  is  no  doubt  that  even  plots  1 7  and  18 
received  much  more  of  all  those  mineral  constituents  that  were 
supplied  than  was  removed  of  them  in  the  crops.  The  con- 
dition and  distribution  of  the  constituents  within  the  soil,  would, 
however,  be  very  different  in  the  two  cases. 

The  very  interesting  and  important  results  which  have  been 
briefly  passed  in  review  in  this  Section,  especially  those  to  which 
the  coloured  Diagrams  refer,  may  be  still  more  briefly  sum- 
marised as  follows : — 

1.  A  somewhat  heavy  loam,  of  fair  average  wheat-producing 
quality,  taken  at  the  end  of  a  five-course  rotation  since  manuring, 
gave  scarcely  any  increased  produce  of  wheat  in  the  year  of  the 
application  when  manured  with  a  mixture  of  silicate  of  potass 
and  superphosphate  of  lime;  but  it  gave  a  very  considerable, 
though  progressively  diminishing,  amount  of  increase,  when 
afterwards  manured  for  19  consecutive  years  with  ammonia-salts 
alone. 

2.  It  is  obvious  that,  taken  in  the  condition  of  practical 
exhaustion  specified,  the  soil  still  contained  an  excess  of  annually 
available  mineral  constituents,  relatively  to  the  annually  avail- 
able nitrogen  supplied  by  soil  and  season  without  manure. 
When,  however,  large  quantities  of  ammonia-salts  were  annually 
applied,  the  relative  deficiency  of  mineral  constituents  became 
apparent,  even  as  early  as  the  fourth  year  of  their  application. 

3.  When  ammonia-salts  were  applied,  the  greater  portion  of 
the  nitrogen  remained  unrecovered  as  increased  yield  in  the  crop 
for  which  it  was  employed. 

4.  The  unexhausted  residue  of  nitrogen  supplied  as  manure, 
was  but  very  partially  and  very  slowly  recovered  as  increased 
yield  in  succeeding  years,  even  when  followed  by  the  liberal 
application  of  such  mineral  manure  as  was  very  effective  when 
used  in  conjunction  with  newly  applied  ammonia-salts. 

5.  Mineml  constituents  supplied  in  the  soluble  form  in  the 
5th  and  7th  years  of  the  experiments  (though  giving  very  little 
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increase  when  in  the  latter  year  they  were  used  alone),  continaed 
to  increase  the  effect  of  ammonia-salts  afterwards  annually  applied 
for  13  consecutive  years. 

6.  A  given  amount  of  ammonia -salts  gave  very  different 
amounts  of  increase,  according  to  the  supply  of  available  mineral 
constituents  within  the  soil ;  giving  very  much  more  when 
mineral  manures  were  applied  in  the  same,  than  in  the  preceding 
year,  notwithstanding  that,  in  the  latter  case,  there  could  be  no 
deficiency,  though  doubtless  less  favourable  condition  and  dis- 
tribution of  the  mineral  constituents. 

7.  The  same  mineral  manures  which  were  very  effective  when 
supplied  with  ammonia-salts,  gave  very  little  increase  of  pro- 
duce when  used  alone  year  after  year  for  12  years,  although 
following  an  excess  of  ammonia-salts  applied  in  preceding  years  ; 
and  they  gave  very  little  more  when  they  were  applied  every  year 
succeeding  an  excess  of  ammonia-salts  applied  in  the  immediately 
preceding  year, 

8.  The  unexhausted  residue  from  previous  mineral  manuring, 
though  it  served  as  an  effective  reserve  against  exhaustion,  had 
little  or  no  effect  in  increasing  the  growth  of  wheat  without 
the  aid  of  available  nitrogen  provided  within  the  soil.  An 
unexhausted  residue  from  previous  nitrogenous  manuring  had 
also  but  little  influence  upon  the  immediately  succeeding  crops, 
even  when  aided  by  the  application  of  mineral  manures. 

The  bearing  of  the  facts  adduced  in  this  Section,  upon  the 
question  of  the  probable  influence  on  the  mineral  wealth  of  our 
soils,  of  the  use  of  artificial  nitrogenous  manures,  under  the  cir- 
cumstances, and  in  the  degree,  in  which  they  are  generally  em- 
ployed in  the  ordinary  course  of  agriculture  in  this  country,  will 
be^  considered  further  on,  when  the  whole  of  the  experimental 
evidence  which  it  is  proposed  to  bring  forward  in  me  present 
Report  is  before  the  reader. 

With  regard  to  the  bearing  of  the  results  on  the  subject  of  the 
next  Section,  it  is  obvious  that  the  degree  and  limit  of  effect  of 
the  unexhausted  residue  of  previous  manuring,  whether  nitrogen- 
ous or  mineral,  are  such  that,  if  the  circumstances  of  the  different 
plots  are  duly  considered,  there  will  be  little  danger  of  misinter- 
preting the  results  obtained  on  the  application  of  the  different 
manures  year  after  year  on  the  same  plot  during  the  last  12 
years. 

III.    AVERAQK  ANNUAL  BESULTS  OVEB  THE  LAST  12  TEARS. 

Subject  to  such  reservations  as  the  facts  already  adduced  sug- 
gest, and  to  others  which  will  be  referred  to  in  the  course  of  the 
discussion,  attention  may  now  be  directed  to  the  average  annual 
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results  over  the  last  12  years,  from  each  description  of  manure 
applied  year  after  year  on  the  same  plot,  daring  the  whole  of 
that  period.  These  are  given  in  Table  XXX.,  pp.  78,  and  71). 
TThe  details  of  the  manures  are  given  in  Appendix  Table  IX., 
and  are  further  explained  in  the  Notes  at  p.  xix,  facing  that 
Table«  The  details  of  the  produce  of  each  separate  plot  in  each 
separate  year  will  be  found  in  Appendix  Tables  X. — ^XXVI., 
pp.  xx-xli. 

It  may  be  explained  that  in  the  Summary  Table  XXX., 
wherever  the  plots  are  divided  into  two  (a  and  b\  and  both  por- 
tions are  manured  alike,  giving  duplicate  experiments  and  results, 
the  mean  of  the  two  only  is  given. 

Average  Annual  Produce  toithaut  Manure.  .'] 

There  were  three  plots  entirely  unmanured  during  the  last 
12  years  of  the  experiments  to  which  the  results  in  Table  XXX. 
refer.  Plot  3,  had  been  unmanured  for  the  8  preceding  years 
also,  as  well  as  during  the  5  years  of  rotation  before  the  experi- 
ments commenced.  Plot  20,  which  was  at  the  other  side  of  the 
field,  had  been  unmanured  the  same  number  of  years  as  plot  3, 
with  the  exception  that  in  the  third  year  it  received  a  mixture  of 
the  surplus  of  the  artificial  manures  used  on  the  other  plots.  Plot  4 
had  been  unmanured  during  the  last  12  years  only ;  during  the 
proceeding  7  years  it  had  been  manured  with  large  quantities  of 
superphosphate  of  lime  and  sulphate  of  ammonia,  and  in  the  first 
year  of  the  20  was  manured  with  the  ashes  of  farmyard  manure. 

Plot  3,  which  had  grown  wheat  without  manure  for  the  whole 
20  years,  and  plot  20  for  19  out  of  the  20,  gave  almost  identical 
average  annual  amounts  of  produce  over  the  last  12  years.  On 
almost  every  point,  however,  plot  20  gave  slightly  the  better 
result ;  but  the  difference  is  so  small  that  the  experiments  mutually 
confirm  each  other,  and  the  produce  of  plot  3  (continuously  un« 
manured)  is  adopted  as  the  standard  by  which  to  compare  that 
of  the  manured  plotsi 

Its  average  annual  yield  per  acre  over  the  12  years  was  15^ 
bushels  of  dressed  com,  and  1662  lbs.  or  nearly  15  cwts.  of  straw. 
The  average  weight  per  bushel  of  the  dressed  com  was  lower  than 
in  any  case  but  two  of  the  manured  produce ;  but  the  proportion 
of  com  to  straw  was  almost  exactly  the  same  as  with  farmyard 
manure,  and  higher  than  in  most  cases  with  artificial  manure. 

The  tendency  to  produce  a  fair  proportion  of  com  to  straw  was, 
therefore,  without  manure,  more  than  equal  to  that  under  the 
majority  of  the  conditions  with  manure ;  and  the  low  weight  per 
bushel  was,  doubtless,  due  to  the  sluggish  growth  and  consequent 
defective  power  of  ripening. 

*  Plot  4, 
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EX^BBIMHNTB  AT  BoTHAMBllED  OK  TBI  QhOWIU  OF 

Tablb  XXX. — AvEBAGE  Pbodtjce,  and  Incbeabe  by  Makube, 


Flota.  j 


3 
20 

4 


0 
1 

21 
22 

7  (a  ^6 

8  (a  ^6; 
16  (a  ^6) 

\7{a4rb) 

or 
18(a^6) 

10(a) 

10(6) 
11  {a4'h) 
12(a^6) 

13  (a  ^6) 

14  (a^ 6) 

9(6) 
15(a) 
15(6) 
19 


ICanoret  per  Acre,  per  Annnm,  for  12  Tears ;  1852-1863. 

(For  ftarther  partlcalars  tee  Appendix  Table  IX.  and  Notes,  pp.  xviU-xix ;  aod, 
fat  the  Manures  previoas  to  1862  <ee  Appendix  Tables  !.•  VlIL  pp.  ii-xvli. 


Pbodcc^  be 


Dressed  Com. 


QnanUtj. 


14  Tons  Fannyard  Manure,  every  year  (20  years,  1844-63) 

Unmanured  ^20  years,  1844-63)      

Unmanured  ri  7  years,  1847-63)      

Unmanured  (12  years,  previously  Superphosphate  of  Limet 
and  Ammonia-salts)      f 

Superphosphate  of  Lime  ^  (1 6  years,  1 848-63)      

Sulphates  of  Potass,  Soda,  and  Magnesia  (15  years,  1849-63) 
Mixed  Mineral  Manure  * 

100  lbs.  Muriate  Ammonia,  and  Mixed  Mineral  Manure  .. 
100  lbs.  Sulphate  Ammonia,  and  Mixed  Mineral  Manure  ^ .. 
200  lbs.  Ammonia-salts  ',  and  Mixed  Mineral  Manure 
400  lbs.  Ammonia-salts,  and  Mixed  Mineral  Manure  .. 
600  lbs.  Ammonia-salts,  and  Mixed  Mineral  Manure  .. 
800  lbs.  Ammonia-salts,  and  Mixed  Mineral  Manure  .. 

I'Mixed  Mineral  Manure  (in  alternation  with  400  lbs.  Ammo-' 

I     nia-salts) 

J  400  lbs.  Ammonia-salts  (in  alternation  with  Mixed  Mineral 
[    Manure) 


bush.   pks. 
35 


H 


400  lbs.  Ammonia-salts,  alone  (19  years  Ammonia-^ts  alone,\ 

1845-63) 

400  lbs.  Ammonia-salts,  alone  (13  years,  1851-63) 
400  lbs.  Ammonia-salts,  and  Superphosphate  of  Lime 
400  lbs.  Ammonia-salts,  Superphosphate  of  Lime,  and  Sul- 
phate of  Soda 

400  lbs.  Ammonia-salts,  Superphosphate  of  Lime,  and  Sul 

phate  of  Potass       , 

400  lbs.  Ammonia-salts,  Superphosphate  of  Lime,  and  Sul- 
phate of  Magnesia  . ,     

550  lbs.  Nitrate  of  Soda,  and  Mixed  Mineral  Manure* 
550  lbs.  Nitrate  of  Soda,  alone  *      


] 


400  lbs.  Ammonia-salts,  Mixed  Alkalies  ^  and  Superphos- 
phate of  Lime^       

300  lbs.  Ammonia-salts,  Mixed  Alkalies,'  Superphosphate  of 
Lime,"  and  500  lbs.  Rape-Cake 

300  lbs.  Ammonia-salts,   Superphosphate   of   Lime,^   and\ 
500  lbs.  Rape-cake        / 


15 
15 

16 


18 
16 
18 

22 
21 
28 
36 
38 
38 
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2J 

3J 
1 

n 

Oj 
2f 
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0 
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18     3} 
82     2^ 


26 
29 


22     2V 

SJ 
21 
0} 

2J 
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85 
34 
35 


34 

25 

33 
34 
31 


2 
31 

Of 
2? 


lb& 
59-3 

56-5 
57-0 

57-2 


57*5 
57-2 
579 

57-9 
57-S 
58-6 
68-4 
57-8 
57*6 

58-0 
58-7 

•55*9 

57-0 
56'5 

58*3 
58-6 
58-3 

57«1 

55-4 

58-B 
58-7 
58«1 


Total 
Oe»ii. 


Ifa& 
2232 

964 

989 

1072 


1143  I 
1025  . 
1157  \ 

13S4  i 
1362 
1771 
227. ^ 

2.:j82 

2425 

i 
1187  ' 

20S4  1 

I 

1435 

1C93 
1859 

2200 

I 

21S4 
2198 

2161  • 
1621 

I 

2C8S  ' 

2186 

2016 


1  "  Superphosphate  of  Lime  ** — 4  parts  Bone-ash,  and  3  parts  Sulphuric  Acid,  Sp.  gr.  1*7. 

*  **  Mixed  Mineral  Manure "••-^uperphOBphate  of  Lime,  and  Sulphates  of  Potass,  S^,  and  Magnesia. 
9  «  Ammonia-salts  *'— equal  parts  Sulphate  and  Muriate  of  Ammonia  of  Commerce. 

*  9a — the  Mixed  Mineral  Manure  not  applied  until  the  12th  Season,  1854-5;  and' only  475  lis.  Kitrate 
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of  Soda  for  the  9tb,  and  275  lbs.  for  the  10th,  and  11th  Seasons. 

*  96— in  the  9th  Season  only  475  lbs.  of  Nitrate  of  Soda. 

•  **  Mixed  Alkalies  "-Sulphates  of  Potass,  Soda,  and  Magnesia, 

^  For  Plots  15a,15&,and  19,  the  Bone-ash  decomposed  by  Muriatic  Add  of  Commerce,  instead  of  Sulphuric  Acid. 
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Plot  4,  unmanured  for  the  12  years  only,  and  manured  for  7  years 
previously  with  superphosphate  of  lime  and  ammonia-salts^  and 
for  1  year  with  the  ashes  of  farmyard  dung  (supplying  very  much 
more  phosphoric  acid  than  was  removed  in  the  crops,  and  con- 
siderably more  of  nitrogen  and  of  every  mineral  constituent  than 
was  removed  in  the  increase  of  the  crops),  gave  an  annual  average 
during  the  subsequent  12  years  of  nearly  IJ  bushel  of  dressed 
corn,  and  a  little  straw  also,  more  than  either  plot  3  or  plot  20. 
Bearing  this  difference  in  mind,  we  shall  see  that  the  result 
accords  very  well  with  that  of  the  other  unmanured  plots ;  and,  as 
shown  more  in  detail  in  Section  II.,  usefully  indicates  the  limit 
of  effect  on  immediately  succeeding  crops  of  an  unexhausted 
residue  from  previous  manuring.  It  is  worthy  of  remark,  how- 
ever, that  the  produce  of  this  plot  had  nearly  as  high  a  pro- 
portion of  corn  to  straw  as  that  of  any  in  the  entire  series ;  being 
only  surpassed  on  this  point  by  that  of  plots  0  and  5,  on  which, 
as  on  plot  4,  phosphoric  acid  would  be  present  in  large  pro- 
portion relatively  to  other  constituents,  when  compared  with  the 
condition  of  other  plots  in  this  respect. 

An  average  annual  produce  of  wheat,  amounting  to  from  15  to 
16  bushels  of  com,  and  from  15  to  16  cwts.  of  straw,  without 
manure  of  any  kind,  is  looked  upon  by  many  as  an  extraordinary 
yield,  and  as  indicating  a  somewhat  unusual  quality  of  land.  There 
is  no  doubt  that  it  bears  a  higher  proportion  than  might  be  ex- 
pected, to  the  produce  obtained,  even  under  rotation  with  periodical 
manuring,  in  a  large  majority  of  cases  where  land  is  badly  farmed, 
and  deficient  range  and  aeration  of  soil,  luxuriant  weeds,  and 
defective  manuring,  have  all  their  share  in  the  miserable  result 
The  experimental  land,  though  kept  extremely  clean,  was  not, 
however,  ploughed  more  deeply  than  in  the  ordinary  practice  of 
the  farm  ;  and,  there  can  be  little  doubt,  that  a  large  proportion  of 
those  soils  of  the  country  which  are  recognised  as  possessing 
average  wheat-producing  qualities,  would  yield  very  similar 
results,  if  kept  equally  clean  and  otherwise  as  well  cultivated ; 
whilst  some  would,  under  like  conditions,  produce  much  more, 
though,  many  light  soils  probably  much  less* 

Average  Annual  Produce  by  Farmyard  Manure, 

The  average  annual  produce  by  farmyard  manure  over  the  last 
12  years  was  35f  bushels  of  dressed  com,  and  3869  lbs.  or  about 
34^  cwts.  of  straw ;  equal  to  an  average  annual  increase  over  the 
produce  of  plot  3  of  nearly  20  bushels  of  com,  and  nearly  20  cwts. 
or  1  ton  of  straw. 

As  has  been  already  pointed  out  (see  Table  XXII.  and  com- 
ments thereon),  whilst  the  average  annual  produce  without 
manure  was  nearly  the  same  during  the  earlier  and  the  later 


Report  of  Experiments  en  the  Growth  of  Wheat.  81 

jean,  that  by  farmyard  manare  was  very  much  greater  over  the 
last  10  than  the  first  10  years  of  the  experiments;  though  it 
increased  in  a  considerably  less  degree  during  the  last  6  as  com- 
pared with  the  preceding  6  years. 

The  total  produce  during  the  20  years  was,  without  manure, 
324|,  and  with  farmyard  manure  648^  bushels  of  dressed  com ; 
and  without  manure  802^,  and  with  farmyard  manure  627f  cwts. 
of  straw ;  or  almost  exactly  double  the  amount  of  com,  and  more 
than  double  the  amount  of  straw,  with  the  farmyard  manure.  It 
further  gave  nearly  double  as  much  average  annual  increase  of 
com,  and  more  than  1-^  times  as  much  increase  of  straw,  over  the 
second  as  over  the  first  10  years;  and  whilst  the  weight  per 
bushel  of  the  dressed  corn  was,  without  manure  lower  during  the 
later  than  during  the  earlier  half  of  the  period,  with  the  farmyard 
manure  it  was  higher  during  the  later  period. 

During  the  whole  20  years  280  tons  of  farmyard  manure  were 
applied  per  acre,  and  there  have  been  yielded  about  18^  tons  of 
com  and  nearly  31^  tons  of  straw,  equal  to  nearly  50  tons  of  total 
produce.  The  manure  applied  would  not  only  convey  to  the 
land  more  of  every  constituent  than  was  contained  in  the  increase 
of  crop,  but  nearly  twice  as  much  dry  organic  matter,*  and  much 
more  than  twice  as  much  of  nitrogen,  phosphoric  acid,  and 
potass  (and  probably  every  other  mineral  constituent),  as  was 
contained  in  the  total  produce  removed  from  the  land.  There 
has,  therefore,  been  a  great  accumulation  of  constituents  by  the 
soil.  No  wonder,  then,  that  the  plot  should  yield  such  a  much 
higher  average  annual  produce  during  the  later  than  during  the 
earlier  years.  On  the  otiher  hand,  several  of  the  artificial  manures 
gave  a  considerably  higher  average  produce  than  the  farmyard 
manure ;  and  whilst  several  gave  more  than  50  bushels  in  the 
twentieth  season,  1863,  without  any  artificial  supply  of  either 
available  silica  or  carbonaceous  organic  matter  during  the  whole 
period  of  the  experiments,  the  farmyard  manure  gave  only  44 
bushels,  and  also  less  straw.  It  gave,  however,  the  highest  weight 
per  bushel  in  the  series. 

A  consideration  of  the  results  obtained  by  the  other  manures 
will  indicate  to  whi&h  of  the  constituents  of  the  farmyard  manure 
its  effects  were  mainly  due,  and  which  were  superfluous,  if  not 
even  in  some  way-instrumental  in  limiting  the  productive  activity 
of  the  constituents  associated  with  them. 

Average  Annual  Produce  by  Mineral  Manure  alone. 

Plots  0,  1,  and  5  had  each  mineral  manure  alone  during  the 
last  12  years. 

Plot  0  was  manured  with  a  large  quantity  of  superphosphate 
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of  lime  alone  ib  each  of  the  12,  and  in  the  4  preceding  yean,  and 
previously  with  Peravian  guano  or  the  mixture  of  the  surplus  of 
the  other  manures.  Under  these  conditions  the  average  annual 
produce  during  the  last  12  years  was  18^  bushels  of  dressed  com, 
and  1846  lbs.,  equal  about  16^  cwts.  of  straw ;  equivalent  to  an 
average  annual  increase  over  the  unmanured  plot  of  only  2f 
bushels  of  com,  and  184  lbs.  of  straw,  and  to  a  deficiency  com- 
pared with  the  produce  by  farmyard  manure  of  about  17  bushels 
of  com,  and  18  cwts.  of  straw.  Since  a  portion  of  the  small 
increase  was,  doubtless,  due  to  the  unexhausted  residue  of  previous 
nitrogenous  manuring,  it  is  obvious  that  but  little  remains  to  be 
attributed  to  the  subsequent  annual  supply  of  superphosphate  of 
lime.  It  is  obvious,  too,  that  if  it  were  in  mineral  constituents 
that  the  soil  had  become  relatively  deficient  by  the  previous 
cropping,  it  was  not  for  want  of  phosphoric  acid  alone  that  the 
plot  yielded  so  little  more  produce  than  was  obtained  without 
manure,  and  so  much  less  than  was  obtained  with  farmyard 
manure. 

Nor  was  it  in  potass,  soda,  magnesia,  and  sulphuric  acid  alone, 
that  the  soil  had  become  relatively  exhausted ;  for  on  plot  1  these 
constituents  were  supplied  liberally  every  year  for  15  consecutive 
years,  and  the  average  annual  produce  and  increase  over  the  12 
years  were  even  less  than  on  plot  0  with  superphosphate  of  lime. 
The  increase  over  the  unmanured  produce  was,  in  fact,  not  quite 
1  bushel  of  dressed  com,  and  not  quite  1  cwt  of  straw,  per  acre 
per  annum. 

Plot  5,  was  manured  with  a  mixture  of  both  superphosphate  of 
lime,  and  the  sulphates  of  potass,  soda,  and  magnesia,  supplying 
to  the  soil  much  more  of  probably  every  mineral  constituent,  except 
silica,  than  was  taken  off  in  the  crops.  But  this  mixture  gave 
scarcely  any  more  increase  than  the  superphosphate  of  lime 
alone,  and  part  of  that  which  it  did  give  has  been  shown  to  be 
most  probably  due  to  the  unexhausted  residue  of  previous  nitro- 
genous manuring. 

It  was  not,  therefore,  for  want  of  mineral  constituents,  unless 
of  available  silica,  that  the  soil  had  become,  by  the  previous 
cropping,  incapable  of  producing  full  wheat  crops.  The  defective 
result,  as  compared  with  that  by  farmyard  manure,  was  obviously 
due  to  the  want  of  some  constituent  which  was  supplied  by  it, 
but  not  in  either  of  the  artificial  mineral  manures.  The  questions 
arise — was  the  wanting  constituent  available  silica? — was  it 
organic  matter  yielding  carbon  to  the  plant  ? — or  was  it  nitrogen 
in  some  available  form  of  combination?  These  questtoits  will 
be  pretty  satisfactorily  answered  by  the  results  considered  in  die 
next  Section. 
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Average  Annual  Produce  by  Mineral  Manure  and  Ammonia*' 

Salts* 

The  plots  inclnded  in  this  series  are  Nos.  21,  22,  6,  7,  8, 
and  16,  to  each  of  which  exactly  the  same  mixed  mineral  manure 
(consisting  of  superphosphate  of  lime  and  the  sulphates  of  potass, 
soda,  and  magnesia)  was  applied  as  that  which  was  used  alone 
on  plot  5,  and  then  gave  less  than  18^  bushels  produce,  and  less 
than  3  bushels'  increase  of  dressed  com ;  but  it  was  now  em* 
ployed  in  conjimction  with  ammonia-salts,  in  amounts  varying 
from  100  lbs.  to  800  lbs.  pet  acre  per  annum. 

On  plot  21  the  mixed  mineral  manure  was  used  with  100  lbs. 
of  the  muriate,  and  on  plot  22  with  100  lbs.  of  the  sulphate  of 
ammonia  of  commerce.  The  muriate  contained  rather  more 
ammonia  than  the  sulphate,  and  gave  rather  more  than  22  bushels, 
whilst  the  latter  gave  rather  less,  and  also  rather  less  straw.  The 
increase  over  the  produce  by  the  mixed  mineral  manure  alone, 
was  34  bushels  of  com  and  4  cwts.  of  straw  with  the  muriate, 
and  o^  bushels  of  com  and  rather  less  than  3f  cwts.  of  straw 
with  the  sulphate.  In  each  case,  therefore,  the  addition  of 
100  lbs.  of  ammonia-salt  to  the  mixed  mineral  manure,  gave 
more  increase  over  the  produce  by  the  mineral  manure  alone, 
than  was  obtained  over  the  unmanured  produce  by  the  use  of  the 
mineral  manure  itself,  though  it  supplied  annually  an  abundance 
of  potass,  soda,  magnesia,  lime,  phosphoric  acid,  and  sulphuric 
acid. 

Yet  the  proportion  of  increase  obtained  for  a  given  amount  of 
ammonia  in  these  two  experiments  was  less  than  is  usual  when 
such  moderate  quantities  are  used.  Indeed,  the  results  which 
follow  will  show  that  it  was  considerably  less  than  when  twice, 
and  even  four  times  as  much  ammonia  was  employed  with  the 
same  mineral  manure.  The  fact  is,  plots  21  and  22  were  com- 
paratively short  lengths  of  land,  so  near  to  the  hedge-green  as  to 
be  to  some  extent  affected  by  trees  (especially  21),  and  they  were 
only  brought  under  exact  experiment  in  the  ninth  and  succeeding 
years  as  being  the  most  eligible  of  the  remaining  unallotted  por- 
tions of  the  experimental  field.  Their  results  are,  therefore,  not 
so  trustworthy  as  those  obtained  on  the  other  and  larger  areas. 

On  plots  6,  200  lbs.  of  ammonia-salts  (equal  parts  sulphate 
and  muriate)  were  used  with  the  mineral  manure,  and  the  mixture 
gave  an  average  annual  produce  of  28^  bushels  of  dressed  com, 
and  3012  lbs.  =  nearly  27  cwts.  of  straw,  or  an  increase  over  the 
produce  by  the  mixed  mineral  manure  alone  of  9  J  bushels  of  corn, 
and  1115  lbs.  =  nearly  10  cwts.  of  straw,  which  is  much  more  for 
a  given  amount  of  ammonia  than  was  obtained  on  plots  21  and  22, 
where  the  smaller  amounts  of  ammonia-salts  were  employed. 
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On  plots  7,  the  amount  of  ammonia-salts  was  again  doubled, 
400  lbs.  being  now  used.  The  average  annual  produce  amounted 
to  36 1  bushels  of  dressed  corn,  and  to  4212  lbs.  =  about  37^  cwts. 
of  straw;  and  the  increase  over  the  produce  with  the  mixed 
mineral  manure  alone  was  very  nearly  18  bushels  of  dressed  com, 
and  2315  lbs.  =  about  20^  cwts.  of  straw« 

The  proportion  of  increase  for  a  given  amount  of  ammonia- 
salts  was  in  com  not  quite  so  great,  but  in  straw  rather  more, 
when  400  than  when  only  200  lbs.  of  ammonia-salts  were  used. 
But  400  lbs.  is  a  very  heavy  dressing ;  and  although  it  may, 
under  favourable  circumstances,  give  proportionally  as  much 
increase  as  a  smaller  amoimt,  it  is  doubtless  more  than  in  the 
case  of  the  soil  in  question,  or  indeed  of  most  soils,  is  calculated 
to  give  on  the  average  of  seasons,  a  maximum  result  for  a  given 
amount  of  ammonia  employed. 

Still,  even  with  600  lbs.  of  ammonia-salts  (plots  8)  there  was 
a  further  increment,  and  with  800  lbs.  (plots  16)  still  a  further 
increment  of  increase ;  though  at  a  much  diminishing  rate  for  a 
given  amount  of  ammonia  the  greater  the  quantity  employed, 
and  the  diminution  was  the  greater  in  the  corn  than  in  the  straw. 

Thus,  by  the  addition  to  the  mixed  mineral  manure  of  200  lbs. 
of  ammonia-salts  there  were  obtained  9|,  by  400  lbs.  nearly  18, 
by  600  lbs.  little  more  than  19^,  and  by  800  lbs.  little  more  than 
20  bushels  increase  of  corn ;  and  of  increase  of  straw  there  was 
obtained  by  200  lbs.  of  ammonia-salts  1115  lbs.,  by  400  lbs. 
2315  lbs.,  by  600  lbs.  2818  lbs.,  and  by  800  lbs.  3255  lbs.  Ex- 
hibited  from  a  more  striking  point  of  view,  the  result  is,  that 
each  successive  increment  of  200  lbs.  of  ammonia-salts  gave 
increased  produce  as  under : — 

Corn.  \  StraTT. 

Bush.  pka.  '        lbs. 

1st  increment  (200  lbs.  applied)  gave  9  3^  and  1115 

2nd  increment  (400  lbs.  applied)    „  8  OJ    „    1200  more  than  200  llis. 

3rd  increment  (GOO  lbs.  applied)    „  1  2^    „      603        „         400  lbs. 

4th  increment  (800  lbs.  applied)    „  0  2     „      437        „         600  lbs. 

It  is  seen  that  any  additional  produce  yielded  by  the  use  of 
more  than  400  lbs.  of  ammonia-salts  per  acre,  was  obtained  at 
the  cost  of  very  much  more  ammonia  for  a  given  amount  of 
increase.  Moreover,  as  an  inspection  of  Table  XXX«  will  show, 
the  weight  per  bushel  of  dressed  com  was  less,  and  the  proportion 
of  com  to  100  of  straw  very  much  less,  under  the  influence  of 
the  excessive  amounts  of  ammonia-salts. 

Before  leaving  this  series  of  experiments,  attention  should  be 
called  to  the  fact,  that  where  400  lbs.,  and  upwards,  of  ammonia- 
salts  were  used  in  conjunction  with  the  mixed  mineral  manure, 
the  produce,  both   com  and  straw,  exceeded  that  by  farmyard 
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manme,  with  all  its  supply  of  silica,  and  organic  matter  yielding 
carbon,  both  of  which  were  entirely  absent  in  the  artificial 
manures.     To  this  point  further  reference  will  be  made. 

Average  Annual  Produce  by  400  lbs.  of  Ammonia-Salts  per  Acre^ 
alonBy  in  altemaiion  with  the  Mixed  Mineral  Manure^  and  in 
combination  with  different  descriptions  of  Mineral  Manure. 

Throughout  the  preceding  series  the  same  mixed  mineral 
manure  was  always  used,  but  in  conjunction  with  varying  amounts 
of  ammonia-salts.  In  the  series  now  to  be  considered,  a  fixed 
quantity  of  ammonia-salts  (400  lbs.  per  acre  per  annum)  was 
employed  throughout,  but  under  varying  conditions  as  to  the 
supply  of  mineral  constituents. 

The  results  of  this  series  which  stand  first  in  order  in  the  Table, 
those  of  plots  17  and  18,  where  the  ammonia-salts  were  used  in 
alternation  with  the  mixed  mineral  manure,  have  been  so  fully 
discussed  in  Section  II.  (pp.  65  and  74-75)  that  it  is  only 
necessary  here  to  recall  attention  to  the  fact,  that  under  these  con- 
ditions die  400  lbs.  of  ammonia-salts  gave  an  average  annual  in- 
crease of  scarcely  14 J  bushels  of  dressed  corn,  and  only  1858  lbs. 
=  16^  cwts.  of  straw,  more  than  the  mineral  manure  alone  ;  whilst 
the  same  amount  of  ammonia-salts,  used  in  conjunction  with  the 
mineral  manure,  as  on  plots  7,  gave  an  increase  of  nearly  18 
bushels  of  dressed  corn,  and  2315  lbs,  =  20f  cwts.  of  straw. 

It  has  also  already  been  shown  how  much  less  was  the  effect  of 
400  lbs.  of  ammonia-salts  when  used  for  19  years  without  mineral 
manure,  as  on  plot  10a,  or  for  13  years  only,  as  on  plot  10(, 
than  when  they  were  used  in  conjunction,  or  even  in  immediate 
alternation,  with  the  mixed  mineral  manure. 

The  results  next  in  order,  those  of  plots  11,  12,  13,  and  14, 
show  in  an  interesting  manner  the  more  or  less  diminished  effect 
when  the  mineral  manure  was  less  complete  than  the  so-called 
"mixed  mineral  manure"  employed  on  plots  17,  18  and  7,  and 
occasionally  on  plot  lOi. 

During  the  first  8  years  of  the  20,  that  is,  during  the  8  imme- 
diately preceding  the  12  the  average  produce  of  which  is  now 
under  consideration,  plots  11,  12,  13,  and  14,  all  received  in 
manure  from  2^  to  8  times  as  much  phosphoric  acid  as  was  taken 
off  in  the  crops,  and  all  much  about  the  same  excess.  Of  potass, 
all  four  plots  yielded  much  about  the  same  amount  in  their 
produce ;  but  whilst  plot  11  received  no  direct  supply  in  manure 
(only  a  small  quantity  in  rapecake),  plots  12,  13,  and  14,  each 
received  from  two  to  three  times  as  much  as  was  removed  from 
them  ;  the  accumulation  being  somewhat  the  greatest  on  plot  13. 

Daring  the  last  12  years,  in  addition  to  the  400  lbs.  of  am- 
monia-salts x)€racre  per  annum,  plots  11  have  had  superphosphate 
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of. lime,  plots  12  superphospliate  of  lime  and  sulphate  of  soda) 
plots  13  superphosphate  of  lime  and  sulphate  of  potass,  and 
plots  14  superphosphate  of  lime  and  sulphate  of  magnesia.  The 
object  of  this  arrangement  was  to  trace,  by  the  exclusion  of 
certain  constituents,  thp  point  at  which  they,  respectively,  be- 
came deficient. 

Up  to  the  present  time  there  is  scarcely  an  appreciable  difference 
in  the  amounts  of  produce  on  plots  12  with  soda  to  the  exclusion  of 
potass  and  magnesia,  on  plots  13  with  potass  to  the  exclusion 
of  soda  and  magnesia,  and  on  plots  14  with  magnesia  to  the 
exclusion  of  potass  and  soda.  It  is  obvious,  therefore,  that  either 
the  available  natural,  or  the  previous  artificial,  supplies  of  the 
respective  bases  within  the  soil,  have  so  far  prevented  relative 
deficiency  of  either. 

When,  however,  the  produce  of  these  three  plots  is  com- 
pared with  that  of  plots  7,  manured  each  year  with  the  same 
amounts  of  ammonia-salts  and  superphosphate  of  lime,  and,  in 
addition,  a  mixture  of  the  sulphates  of  potass,  soda,  and  mag- 
nesia, instead  of  only  one  of  them,  it  is  found  that  they  give 
annually  from  1  to  2  bushels  less  com,  and  from  200  to  300  lbs. 
less  straw.  It  would  appear,  therefore,  that  even  though  there 
might  be  neither  an  actual  nor  a  relative  deficiency  of  either  of 
the  bases  where  only  one  was  supplied,  the  state  of  combination, 
and  the  distribution  within  the  soil,  were  the  more  favourable,  and 
consequently  the  supply  was  the  more  easily  available,  when  all 
were  supplied  together. 

There  is  here,  again,  evidence  of  the  fact  already  frequently 
illustrated,  that  a  direct  supply  of  a  given  amount  of  manure  has 
frequently  more  effect  upon  the  immediate  crop,  than  an  equal  or 
even  much  greater  quantity  accumulated  and  distributed  within 
the  soil  in  the  condition  of  unexhausted  residue  from  previous 
manuring. 

On  plots  11,  to  which  neither  potass,  soda,  nor  magnesia  has 
been  applied,  excepting  in  small  quantity  in  rapecake  in  the 
earlier  years,  the  average  annual  produce  over  the  last  12  years 
was  more  than  5  bushels  of  dressed  corn,  and  more  than  700  lbs. 
of  straw  less  than  on  either  plots  12, 13,  or  14  with  either  potass, 
soda,  or  magnesia,  and  it  was  nearly  7  bushels  of  corn  and  nearly 
1000  lbs.  of  straw  less  than  on  plot  7,  where  all  three  were  em- 
ployed in  addition  to  the  manures  of  plot  11. 

It  is  clear  that  the  point  of  relative  deficiency  of  one  or 
more  of  the  bases  had  here  been  reached  ;  and  judging  from  the 
composition  of  the  ash  of  the  produce  of  this  plot  (11)  com- 
pared with  that  of  plots  12,  13,  and  14,  it  would  appear  that  'it 
is  of  available  potass  that  the  plot  has  become  the  most  deficient 
The  crop  has  generally  appeared  prettv  healthy  and  lux^uriant 
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daring  the  earlier  stages  of  growth,  but  of  late  years  the  bulk 
has  perceptibly  declined,  and  the  proportion  of  blighted  ears 
has  increased  in  a  remarkable  degree.  Still,  the  average  propor- 
tion of  corn  \o  straw  is  higher  than  in  any  case  with  equal  or 
higher  amounts  of  total  produce  per  acre  grown  by  artificial 
manures.  It  will  be  remembered  that  it  was  on  plots  0,  4,  and  5, 
where,  as  on  these  plots  11,  phosphoric  acid  was  relatively  very 
abundant,  that  the  highest  proportion  of  corn  to  straw  in  the 
series  was  obtained.  On  the  other  hand,  excepting  one  or  two 
other  marked  cases  of  defective  manuring,  the  weight  per  bushel 
of  the  dressed  com  of  plots  11  was  almost  the  lowest  in  the 
series.  There  was,  therefore,  with  a  full  average  tendency  of 
growth  for  the  production  of  a  fair  proportion  of  com,  at  the 
same  time  very  defective  power  of  maturation. 

It  has  been  seen  how  very  ineflFective  were  mineral  manures 
either  to  bring  into  activity  the  unexhausted  residue  of  previous 
nitrc^nous  manuring,  or  to  give  increase  by  inducing  a  greater 
accumulation  of  nitrogen  by  the  plant  from  natural  sources; 
but  the  results  of  the  series  of  experiments  now  under  considera- 
tion clearly  show,  how  very  effective  and  lasting  were  the  mineral 
manures  employed,  to  meet  the  demands  made  upon  the  soil 
for  mineral  constituents  by  the  use  of  the  nitrogenous  manures 
even  in  distant  succeeding  seasons. 

Average  Annual  Produce  by  Nitrate  of  Soda^  used  alone^  or  with 

the  Mixed  Mineral  Manure. 

Daring  the  last  12  years  plot  9ft  has  been  manured  with 
nitrate  of  soda  alone,  at  die  rate  of  475  lbs.  per  acre  in  the  first, 
and  of  550  lbs.  in  each  of  the  11  succeeding  years.  The  latter 
amount  was  taken  as  equivalent  in  nitrogen  to  the  400  lbs. 
of  ammonia*  salts  applied  in  so  many  of  the  other  experiments  ; 
but  as  of  late  years  nitrate  of  soda  of  commerce  has  been  purer 
than  formerly,  it  was  probably  slightly  more  than  equivalent  in 
nitrogen  to  the  mixture  of  200  lbs.  of  muriate  and  200  lbs.  of 
sulphate  of  ammonia  of  commerce.  During  the  preceding  8 
years  9ft  was  manured  with  ammonia-salts  7  times,  once  with 
rape-cake  in  addition,  in  the  1st  and  5th  seasons  received 
superphosphate  of  lime,  and  in  the  6th  was  unmanured.  It 
was,  in  fact,  at  the  commencement  of  the  12  years,  in  a  con- 
dition intermediate  between  that  of  plots  10a  and  10ft  so  far  as 
the  supply  of  mineral  constituents  was  concerned  ;  and  the  efTect 
of  the  nitrate  will  be  best  brought  to  view  by  comparing  the 
results  with  those  of  these  two  plots  manured  with  ammonia- 
salt& 

Whilst  400  lbs.  of  ammonia-salts  alone,  applied  for  19  years 
on  plot  10a,   and  for  13  years  on  plot  10ft,  gave  an  average 
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annual  produce  over  the  last  12  years,  on  the  former  of  22| 
bushels  of  dressed  com,  and  2603  lbs.  =  23J  cwts.  of  straw, 
and  on  the  latter  of  26J  bushels  of  corn,  and  3061  lbs.  =  about 
21\  cwts.  of  straw,  a  nearly  identical,  but  perhaps  rather  higher, 
amount  of  nitrogen  applied  as  nitrate  of  soda  during  the  12  years 
only  on  plot  9i,  gave  25|  bushels  of  dressed  com,  and  3187  lbs. 
=  nearly  28^  cwts.  of  straw.  The  nitrate  has,  therefore,  given 
rather  less  com,  but  rather  more  straw  than  the  ammonia-salts  on 
plot  105;  and  whilst  it  is  probable  that  the  nitrate  supplied 
rather  more  nitrogen  than  the  ammonia-salts,  the  mineral  condi- 
tion of  plot  lOj  was  doubtless  more  favourable  than  that  of  plot  96. 

The  conditions  and  the  results  were,  however,  sufficiently  near 
in  the  two  cases  to  indicate  that  a  given  amount  of  nitrogen  will 
probably,  in  the  average  of  seasons,  and  under  parallel  conditions 
of  soil,  give  very  nearly  identical  results,  whether  supplied  as 
nitrate  of  soda  or  as  ammonia-salts.  There  is,  however,  little 
doubt  that  nitrogen  in  the  condition  of  the  nitrate  becomes  more 
rapidly  distributed  in  the  soil,  and  is  more  rapidly  active. 
Hence  its  suitability  for  Spring  dressings  ;  and,  hence  also  in  a 
great  measure  its  tendency  to  favour  great  luxuriance  of  stem 
and  leaf,  which,  under  unfavourable  conditions  of  soil  and  season, 
leads  to  the  production  of  an  undue  proportion  of  straw. 

On  plot  9a,  in  the  1st  year  of  the  twelve  475  lbs.,  and  in  the  2nd 
and  3rd,  275  lbs.  of  nitrate  of  soda  alone  were  applied ;  but 
during  the  last  9  years  the  same  amount  as  on  plot  95  (550  lbs.) 
has  been  applied,  and  not  alone,  but  in  conjunction  with  the 
mixed  mineral  manure.  The  results  with  nitrate  of  soda  and 
mineral  manure  on  plot  9a,  compare  best  with  those  of  ammonia- 
salts  and  mineml  manure  on  plot  7 ;  though,  taken  over  the 
whole  12  years,  9a  received  neither  quite  so  much  nitrogen  nor 
so  much  mineral  manure  as  plot  7.  Comparing  the  results  as 
they  stand,  the  average  annual  produce  with  the  ammonia-salts 
and  mineral  manure  was  36 §  bushels  of  dressed  com,  and 
4212  lbs.  =  rather  over  37^  cwts.  of  straw,  against  34^  bushels 
of  dressed  corn,  and  4426  lbs.  =  39^  cwts.  of  straw,  with  the 
nitrate  and  the  mineral  manure ;  or  nearly  2  bushels  less  corn, 
but  nearly  2  cwts.  more  straw,  equal  about  100  lbs.  more  total 
produce,  with  the  nitrate  than  witn  the  ammonia-salts. 

Here  again,  then,  when  used  in  conjunction  with  a  mineral 
manure  supplying  liberally  every  constituent  likely  to  be  needed 
except  silica,  as  well  as  when  used  alone,  the  nitrate  indicated  a 
tendency  to  produce  more  straw  and  less  com  than  the  ammonia- 
salts.  Indeed,  the  crops  growing  on  the  nitmted  plots  always 
showed  to  the  eye  during  growth,  more  stem,  and  broader  leaves, 
than  those  grown  under  otherwise  parallel  conditions  with  am- 
monia-salts. 
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Average  AnnuaJ  Produce  on  Plots  15a,  Ibby  and  19. 

Several  incidental  points  were  sought  to  be  determined  bj  this 
series. 

During  the  whole  12  years,  and  for  several  years  previously, 
each  plot  received,  respectively,  the  same  manure  year  after  year. 
All  had  the  same  amount  of  bone*ash  as  in  the  so-called  mixed 
mineral  manure,  but  acted  upon  by  hydrochloric  instead  of  sul- 
phuric acid.  Plots  15a,  and  15i,  had  also  the  same  amounts 
of  sulphates  of  potass,  soda,  and  magnesia  as  in  the  mixed 
mineral  manure,  but  plot  19  had  none  of  these.  Further,  15a 
had  also  annually  400  lbs.  of  sulphate  of  ammonia,  and  plots  Ibb 
and  19,  300  lbs.  sulphate  of  ammonia  and  500  lbs.  rapecake. 

The  object  of  substituting  400  lbs.  of  sulphate  of  ammonia,  as 
on  plot  15a,  by  300  lbs.  of  sulphate  of  ammonia  and  500  lbs.  of 
rapecake  on  15b  and  19,  was  to  supply  nearly  the  same  amount 
of  nitrogen  in  the  three  cases,  with  in  the  two  latter  a  certain 
amount  of  organic  matter  in  addition,  yielding  by  decomposition 
carbon  in  an  available  form  to  the  plant  The  amount  of  rape- 
cake used  would,  in  fact,  contain  rather  more  nitrogen  than  the 
sulphate  of  ammonia  it  substituted ;  but,  owing  to  the  compara- 
tively slow  action  of  the  rapecake,  there  would  probably  be  not 
more  annually  available  until  after  some  years  of  accumulation. 
The  rapecake  would,  of  course,  also  supply  a  certain  amount  of 
mineral  constituents.  Upon  die  whole,  then,  it  might  be  ex- 
pected that,  independently  of  its  superiority  or  otherwise  as 
supplying  carbon-yielding  matter,  the  500  lbs.  of  rapecake  used 
year  after  year  would  be  somewhat  more  effective  than  the 
100  lbs.  sulphate  of  ammonia  which  it  substituted. 

The  effects  of  these  several  combinations  will  be  best  tested  by 
comparing  the  results  with  those  of  plots  7.  The  only  material 
difference  between  the  manuring  of  the  latter  and  that  of  15a 
was,  that  in  the  manure  of  15a  the  bone-ash  was  acted  upon  by 
hydrochloric  acid  instead  of  sulphuric  acid,  and  there  was  about 
8  per  cent  or  about  one-twelfth  less  ammonia.  The  result  was 
an  average  of  rather  more  than  3  bushels  of  dressed  com,  and  of 
417  lbs.  =  about  3|  cwts.  of  straw,  less  than  on  plots  7.  About 
one-half  of  this  deficiency  may  be  attributed  to  the  less  amount 
of  ammonia  supplied,  the  remainder  only  being  due  to  the  less 
effective  condition  of  the  bone-ash  acted  upon  by  hydrochloric 
instead  of  sulphuric  acid. 

Plot  156,  manured  exactly  as  15a,  excepting  that  100  lbs.  of 
the  sulphate  of  ammonia  was  replaced  by  500  lbs.  of  rapecake, 
gave  more  nearly  the  amount  of  produce  of  plots  7,  yielding 
1}  bushel  of  dressed  com,  and  rather  more  than  2  cwts.  of  straw, 
more  than  15a,  though  still  1^  bushel  of  corn  and  184  lbs.  of 
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straw  less  than  plots  7*  There  is  no  evidence,  therefore,  of  any 
marked  effect  from  the  carbonaceous  organic  matter  of  the  rape- 
cake. 

Plot  19  was  manured  during  the  12  years  in  the  same  way 
as  156,  with  the  exception  that  the  sulphates  of  potass,  soda,  and 
magnesia,  were  omitted.  It  should  be  further  observed,  that 
whilst  during  the  first  8  years  of  the  20,  plot  15a  received  of  potass 
in  manure  nearly,  and  15 J  over,  400  lbs.  more,  plot  19  received 
nearly  200  lbs.  less,  than  was  removed  in  the  crops.  There  was, 
therefore,  a  considerable  relative  deficiency  of  potass  in  the  soil 
of  plot  19,  and  it  gave  an  annual  average  produce  of  nearly 
Z\  bushels  of  dressed  com^  and  about  4^  cwts.  of  straw,  less  than 
plot  ]  bh. 

It  is  worthy  of  remark  that  the  produce  of  plot  19,  like  that  of 

f)lots  11,  where  also  the  supply  of  phosphoric  acid  was  relatively 
arge,  showed  a  comparatively  high  proportion  of  com  to  straw, 
notwithstanding  the  deficient  amount  of  total  produce  due  to  the 
relative  exhaustion  of  potass  in  both  cases.  It  may  also  be  men- 
tioned, that  the  straw  has  frequently  been  observed  to  be  finer, 
the  grain  more  thin-skinned,  and  the  crop  more  evenly  ripened, 
where  the  bone-ash  has  been  acted  upon  by  hydrochloric  instead 
of  sulphuric  acid. 

From  the  results  of  this  series  it  may  be  concluded — that  there 
is  no  practical  or  economical  advantage  in  rendering  bone-ash 
soluble  by  the  expensive  hydrochloric  instead  of  the  cheaper 
sulphuric  acid;  that  rape-cake  benefits  the  wheat  crop  by  its 
supply  of  nitrogen  and  of  mineral  constituents,  but  immaterially 
by  the  supply  of  available  carbon  within  the  soil  from  decom- 
posing organic  matter ;  and  that  where  a  liberal  phosphatic  and 
nitrogenous  manure  was  used  for  many  years,  the  available 
supply  of  potass  to  the  growing  crop  became  very  injuriously 
dimmished. 

Summary  Statement  of  the  Results  of  the  last  12  Years. 

1.  The  average  annual  produce  of  wheat  per  acre,  over  the  last 
12  of  20  years  of  the  growth  of  the  crop  on  the  same  land,  and  of 
more  than  20  since  the  application  of  manure  of  any  kind,  was 
\h\  bushels  of  dressed  com,  and  there  was  no  material  diminu- 
tion in  the  yield  in  the  later  years:  the  proportion  of  com  to 
straw  was  as  high  as  in  the  produce  by  farmyard  manure,  and 
higher  than  in  the  majority  of  cases  with  the  more  productive 
artificial  manures,  but  the  weight  per  bushel  of  dressed  corn  was 
verv  low. 

2.  Farmyard  manure,  applied  every  year  in  amount  containing 
considerably  more  of  every  constituent  than  was  removed  in  the 
crop,  increased  the  average  annual  produce  to  nearly  35^  bushels 
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of  dressed  corn,  or  by  about  20  busbels  per  acre  per  annum,  and 
gave  the  bigbest  weight  per  bushel  of  dressed  com  in  the  series, 
but  the  proportion  of  com  to  straw  Was  no  higher  than  in  the 
unmanured  produce.  The  annual  produce  was  very  much  higher 
during  the  latter  than  during  the  earlier  half  of  the  20  yeats,  but 
It  increased  much  less  rapidly  during  the  last  few  yeafs. 

The  questions  arise — In  what  constituent,  or  class  of  con- 
stituents, was  the  unmanured  land  deficient?  and — to  what 
constituent,  or  class  of  constituents,  supplied  by  the  farmyard 
manure,  was  its  increase  of  produce  due  r 

3.  A  complex  mineral  manure  (plot  5),  supplying  annually 
more  of  potass,  soda,  magnesia,  lime,  sulphuric  acid,  and  phos- 
pboric  acid,  than  was  taken  off  in  the  crops  (but  no  silica),  even 
thougb  used  after  several  years  of  accumulation  of  unexhausted 
residue  from  previous  ammoniacal  (and  mineral)  manuring,  gave 
annually  only  about  3  bushels  increase  over  the  unmanured 
produce,  and  nearly  17  busbels  less  than  the  produce  by  farmyard 
manure.  The  proportion  of  com  to  straw  was,  however,  higher, 
but  the  weight  per  bushel  of  dressed  com  lower,  than  in  the 
produce  by  the  farmyard  manure. 

4.  Ammonia-salts  alone  (plot  10a),  employed  for  19  consecu- 
tive years  after  an  application  of  mineral  manure  supplying  of 
potass  about  as  much  as  would  be  removed  in  the  first  o,  and  of 
phosphoric  acid  about  as  much  as  would  be  removed  in  the 
first  5  of  the  20  years,  gave  a  considerable,  but  gradually  diminish- 
ing, average  annual  increase  (over  the  produce  without  manure) 
— amounting  over  the  first  9  years  to  rather  more  than  9  bushels, 
over  the  last  10  to  7i  bushels,  and  over  the  12  to  which  our 
summary  more  particularly  refers,  to  rather  more  than  7  bushels. 

5.  As  ammonia-salts  alone  increased  the  produce  very  much 
more  than  mineral  manure  alone,  and  did  so  for  a  long  series  of 
years,  it  is  obvious  that  the  practically  exhausted  land  con- 
tained a  considerable  excess  of  available  mineral  constituents 
relatively  to  the  available  supply  of  nitrogen  from  soil  and  at- 
mosphere. The  results  further  show,  that  the  plants  growing 
under  the  influence  of  a  liberal  artificial  supply  of  mineral  con- 
stituents appropriated  scarcely  any  more  nitrogen  from  natural 
sources  than  those  growing  on  the  unmanured  land. 

6.  The  same  mineral  manure  which  alone  gave  scarcely 
any  increase,  and  the  same  amount  of  ammonia-salts  (400  lbs.) 
which  alone  gave  so  much  less  increase  than  the  farmyard 
manure,  and  in  a  diminishing  rate  from  year  to  year,  gave 
when  employed  together  an  average  annual  increase  of  about 
21  bushels  of  com  and  22|  cwts.  of  straw  over  the  unmanured 

Erodnce,  or  about  1  bushel  of  com  and  3  cwts.  of  straw  over  that 
y  the  farmyard  manure.     Larger  additions  of  ammonia-salts  to 

h2 
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the  mineral  manure  gave  larger  amounts  of  increase,  but  at  a 
very  much  diminished  rate  in  proportion  to  the  ammonia  em- 
ployed. Thus,  a  manure  containing  ammonia-salts  and  soluble 
mineral  constituents,  but  neither  silica  nor  organic  matter  yielding 
carbonic  acid  or  other  compounds  of  carbon  within  the  soil,  gave, 
for  many  consecutive  years,  more  produce  than  an  amount  of  &nn- 
yard  manure  supplying  annually  more  of  every  mineral  con- 
stituent, including  silica,  more  nitrogen,  and  more  carbon,  than 
the  total  produce  removed  from  the  land. 

7,  Nitmte  of  soda,  in  amount  containing  about  the  same 
quantity  of  nitrogen  as  400  lbs.  of  ammonia-salts,  used  in  con* 
junction  with  the  same  mineral  manure,  gave  nearly  as  much  com, 
and  more  straw  and  total  produce,  than  the  farmyard  manure. 

8,  No  beneficial  effect  resulted  from  the  use  as  manure  of 
organic  matter  yielding  by  decomposition  carbonic  acid,  or  other 
compounds  of  carbon,  widiin  the  soil.  In  fact,  although  a  crop  of 
wheat  equal  to  the  average  produce  by  farmyard  manure  would 
contain  about-  2000  lbs.  of  carbon,  the  plant  seems  practically 
independent  of  any  supply  of  carbon  by  manure,  being  able  to 
assimilate  this  large  amount,  either  by  its  roots  or  its  leaves,  from 
the  atmospheric  sources,  if  only  mineral  constituents  and  nitrogen 
be  supplied  to  the  soil  in  sufficient  quantity  and  in  available  form. 
Other  cultivated  plants  of  the  Graminaceous  family,  such  as 
barley,  and  the  grasses  of  our  meadows  and  pastures,  appear  to  be 
equally  independent  of  a  supply  of  carbon  by  manure^  Rootr 
crops,  and  probably  some  other  of  our  agricultural  plants  are,  on 
the  contrary,  very  dependent  on  a  supply  of  carbon  from  decom- 
posing organic  matter  within  the  soil. 

9,  The  carbonaceous  organic  matter  of  the  farmyard  manure 
used  in  the  experiments,  if  not  without  effect,  was  obviously  at 
any  rate  unnecessary;  and  the  increase  obtained  by  the  use  of 
that  manure  was  no  doubt  mainly  due  to  its  large,  but  compara- 
tively slowly  available,  supply  of  ammonia,  or  nitrogen  in  some 
other  form,  and  minersil  constituents. 

IV.  Amount  of  Increased  Produce  obtained  for  a  givek 
Amount  of  Ammonia  supplied  in  Manure. 

It  has  been  shown  that  full  crops  of  wheat  cannot  be  grown 
unless  there  be  a  liberal  available  supply  of  mineral  constituents 
within  the  reach  of  the  plant,  and  further,  that  such  supply  is 
ineffective  unless  ammonia,  or  nitrogen  in  some  other  available 
form,  be  also  liberally  provided  within  the  soil.  In  our  con- 
cluding observations  reference  will  be  made  to  the  various  means 
at  the  farmer's  command  of  keeping  up  the  necessary  supplies  of 
both  the  mineral  constituents  and  nitrogen.    But  as  the  purchase 
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of  ammoniacal  manures  and  nitrates  constitutes  one  of  the  recog- 
nised sources  of  nitrogen  for  the  growth  of  wheat,  the  practical 
question  arises — ^how  much  increase  may  be  calculated  upon 
from  the  use  as  manure  of  a  given  amount  of  ammonia,  or  of 
an  equivalent  amount  of  nitrogen  in  some  other  available  form  ? 
Table  XXXI.  (see  following  page),  brings  together  a  vast 
amount  of  evidence  on  this  point  It  shows  the  amount  of  am- 
monia in  manure  (or  of  nitrogen  as  nitrate  reckoned  as  ammonia) 
that  was  required  for  the  production  of  1  bushel  (or  60  lbs.) 
increase  of  wheat  grain,  with  its  proportion  of  straw,  on  the  most 
important  plots,  in  each  of  the  last  12  years  of  the  experiments. 

As  the  productive  effect  of  a  given  amount  of  ammonia  depends 
very  much  upon  the  available  supply  of  the  necessary  mineral 
constituents  within  the  soil,  and  as  artificial  nitrogenous  manures 
of  course  should  not  be,  and  seldom  are  in  practice,  employed  if 
the  supply  of  them  be  deficient,  the  Table  is  arranged  to  show, 
not  the  amount  of  ammonia  required  for  each  bushel  obtained 
beyond  the  produce  without  manure,  but  over  that  by  the  mixed 
mineral  manure,  which  being  higher,  leaves  so  much  the  less 
to  be  reckoned  as  increase  due  to  the  action  of  the  ammonia 
supplied.  Then,  again,  instead  of  taking  the  actual  number  of 
bushels  of  increase  of  dressed  corn  each  year,  which  would  repre- 
sent very  different  amounts  according  to  the  varying  weight  per 
bushel  from  year  to  year,  the  number  of  bushels  is,  in  all  cases, 
calculated  by  dividing  the  number  of  lbs.  of  increase  of  com  by 
GO.  For  the  purposes  of  the  Table,  therefore,  every  60  lbs.  of 
increase  over  the  produce  by  the  mixed  mineral  manure  is  sup- 
posed to  represent  1  bushel. 

Many  years  ago,  in  papers  in  this  Journal,  we  stated,  as  a 
provisional  estimate  deduced  from  the  results  of  the  experiments 
now  under  consideration  so  far  as  they  had  then  proceeded,  that 
the  farmer  might  assume,  for  practical  purposes,  that  he  would,  on 
the  average  of  seasons,  get  1  bushel  of  wheat  and  its  proportion 
of  straw  beyond  the  produce  of  the  soil  and  season,  for  each  5  lbs. 
of  ammonia  applied  as  manure  for  the  crop.  This  estimate  was 
founded  upon  results  obtained  where  the  mineral  constituents 
were  not  imduly  exhausted,  and  the  amounts  of  ammonia  sup- 
plied were  not  excessive ;  that  is,  under  conditions  likely  to  accord 
with  those  most  frequently  occurring  in  common  practice. 

The  statement  met  with  much  ridicule  from  Baron  Liebig, 
who  said  that  it  was  "a  mere  stroke  of  fancy."  Whether 
the  statement  in  question,  or  this  condemnation  of  it,  partakes 
most  of  "  a  mero  stroke  of  fancy,"  may  be  judged  by  tfie  record 
of  facts  given  in  this  Section. 

50  lbs*  of  ammonia,  or  its  equivalent  of  nitrogen,  would  be 
supplied  in  rather  under  2  cwts.  of  commercial  sulphate^  or  1| 
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cwts»  of  commercial  muriate  ^of  ammonia,  in  about  2}  cwts.  of 
genuine  Peruyian  guano,  or  in  rather  more  t]ian  2^  cwts.  of 
nitrate  of  soda.  These  amounts  are  more  than  are  usually  em- 
ployed in  common  practice  for  the  wheat  crop ;  and  most  prac- 
tical men  would  consider  double  these  quantities  to  beVery  heavy, 
if  not  excessive  dressings. 

In  bringing  to  bear  upon  the  question  under  consideration 
the  additional  experimental  evidence  now  at  command,  we  shall 
assume,  therefore,  that  the  results  obtained  by  the  use,  per  acre, 
of  50  or  100  lbs.  of  ammonia  (or  their  equivalent  of  nitrogen 
as  nitrate)  most  nearly  represent  mose  which  may  be  expected  in 
ordinary  practice ;  and  further,  that  the  results  obtained  by  these 
amounts  in  the  cases  where  the  mineral  constituents  (unless  silica) 
are  not  in  relative  defect,  are  also  such  as  are  most  likely  to  be  ob- 
tained in  ordinary  farm  practice.  Accordingly,  we  adopt  for  our 
purpose,  the  results  obtained  on  plots  6  with  200  lbs.,  and  on 
plots  7  with  400  lbs.  of  ammonia- salts  (containing,  respectively, 
50  and  100  lbs.  of  ammonia)  in  each  case  used  in  conjunction 
with  the  mixed  mineral  manure ;  and  these  will  be  taken  as 
the  standards  by  which  to  compare  the  effects  of  larger  amounts 
of  ammonia  with  the  same  mineral  manure,  or  the  same  amounts 
of  ammonia  under  less  favourable  conditions  as  to  the  supply  of 
mineral  constituents. 

It  will  be  observed,  that,  almost  uniformly,  rather  less  ammonia 
was  required  to  produce  60  lbs.  increase  of  corn  on  the  average 
of  the  last  6,  as  compared  with  the  first  6  of  the  last  12  years. 
It  willy  perhaps,  be  said  that  the  apparently  better  effect  during 
the  later  years  is  in  reality  due  to  the  unexhaustec)  residue  of  the 
supplies  in  the  earlier  years.  Evidence  enough  has  been  adduced 
showing  the  limit  of  the  effect  of  such  unexhausted  residue  ;  and, 
whilst  admitting  that  a  portion  of  the  difference  in  favour  of  the 
later  years  may  be  attributed  to  previous  accumulation,  there 
f:an  be  no  doubt,  as  has  been  shown,  that  the  last  6  seasons  were 
themselves  more  favourable  than  the  preceding  6,  and  that  to 
this  cause  a  considerable  portion  of  the  difference  is  really  due. 
Subject,  then,  to  some  correction  on  the  score  of  accumulation, 
the  average  result  over  the  12  years  may  doubtless  be  taken  as 
pretty  closely  representing  the  average  effect  of  a  given  amount  of 
ammonia,  according  to  the  amount  of  it  employed,  and  to  the 
favourable  or  unfavourable  condition  of  the  soil  in  regard  to 
the  supply  of  mineral  constituents. 

When  50  lbs.  of  ammonia  per  acre  were  annually  applied  in 
conjunction  with  a  complex  mineral  manure,  excluding  silica 
(plot  6),  the  average  annual  result  was,  that  4'86  lbs.  of  ammonia 
were  required  to  produce  60  lbs.  increase  of  corn,  with  its  equi- 
yalent  of  straw,    Thifi  amount  of  ammonia,  as  has  been  said, 
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is  as  much,  if  not  more^  than  would  be  generally  employed ;  and 
it  is  seen  that,  with  it,  the  quantity  expended  for  each  bushel  of 
increase  was  very  nearly  the  previously  assumed  amount  of  5  lbs. 
When  double  the  quantity  per  acre  was  used,  which  would  be 
much  more  than  appropriate  for  most  soils  and  seasons,  rather 
more  than  5  lbs.  (5*37),  when'3  times  the  amount  7*35  lbs.,  and 
when  4  times  9*47  lbs.,  were  required.  Thus,  when  excessive 
amounts  of  ammonia  are  employed,  much  more  is  expended  for 
the  production  of  a  given  amount  of  immediate  increase  of  crop, 
than  when  only  moderate  quantities  are  used ;  and  it  has  been  seen 
how  very  slowly  the  excess  may  become  available  in  after  years. 

Still  more  unfavourable  was  the  result  when  400  lbs.  of 
ammonia-salts  (equal  100  lbs.  ammonia)  were  employed  under 
defective  conditions  as  to  the  supply  of  mineral  constituents. 
On  plots  17  and  18,  on  one  or  the  other  of  which  that  amount 
was  each  year  employed  succeeding  the  application  of  the  mixed 
mineral  manure  in  the  preceding  year,  it  required  6*69  lbs.  of 
ammonia  to  produce  60  lbs.  of  increase  of  corn  with  its  propor- 
tion of  straw.  On  plots  12,  which  might  be  deficient  in  avail- 
able supply  of  magnesia  and  possibly  of  potass,  on  plots  13 
which  were  probably  relatively  deficient  in  magnesia,  and  on 
plots  14  probably  in  the  later  years  in  potass,  the  amount  of 
ammonia  required  was  firom  5*76  to  5'85  lbs.  instead  of  only 
5 '37  lbs.  on  plots  7,  where,  with  the  same  amount  of  ammonia- 
salts,  the  mineral  manure  each  year  supplied  all  three  bases — 
potass,  soda,  and  magnesia.  Then  again,  on  plots  11,  to  which 
no  direct  supply  of  either  potass,  soda,  or  magnesia,  had  been 
made  throughout  the  20  years  (only  small  quantities  in  rape- 
cake)  8*57  lbs.,  on  plot  10 J,  with  a  deficiency  almost  certainly 
of  potass  and  phosphoric  acid,  aiid  probably  of  magnesia  also, 
11 '2  lbs.,  and  on  plot  10a,  with  a  still  greater  deficiency  of 
mineral  constituents,  21*57  lbs.,  or  more  than  4  times  the  normal 
amount  of  ammonia,  were  required  to  be  provided  for  the  pro- 
duction of  60  lbs.  increase  of  com,  and  its  proportion  of  straw. 

Very  similar  results  were  obtained  when  nitrogen,  about  equal 
in  amount  to  that  in  100  lbs.  of  ammonia,  was  supplied  in  the 
form  of  nitrate  of  soda,  instead  of  ammonia-salts.  When  the 
nitrate  was  used  year  after  year  with  the  mixed  mineral  manure 
(plot  9a),  it  required  nitrogen  about  equal  to  that  in  5*41  lbs.  of 
ammonia  to  produce  60  lbs.  increase  of  com  and  its  proportion 
of  straw,  against  5*37  lbs.  when  ammoniarsalts  were  used 
(plot  7^.  But  when  the  same  amount  of  nitrate  was  used  without 
the  mineral  manure,  an  amount  of  nitrogen  averaging  about 
12*8  lbs.  of  ammonia  was  annually  expended  to  produce  the 
same  result. 

It  may  be  observed|  too,  that  assuming  the  farmyard  manure 
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to  have  contained  onlj  a  moderate  proportion  of  nitrogen,  the 
amount  expended  for  the  production  of  a  given  quantity  of 
increase  corresponded  to  considerably  more  ammonia  than  was 
required  when  nitrogen  equal  to  50,  or  even  100  lbs.,  of  ammonia 
was  employed  as  ammonia-salts,  or  nitrate  of  soda,  in  conjunction 
with  the  mixed  mineral  manure,  notwithstanding  that  the  latter 
contained  no  silica,  a  constituent  so  liberally  provided  in  the 
farmyard  manure.  It  would  appear,  therefore,  that  the  practical 
results  have  not  yet  been  materially  affected  for  want  of  available 
silica  where  the  mixed  mineral  manure  was  employed.  There 
is,  however,  evidence  in  our  analytical  results  that  silica  has 
become  relatively  deficient  where  it  has  not  been  supplied  in  the 
manure. 

Very  striking  indeed,  then,  is  the  difference  of  effect  upon  the 
immediate  increase,  of  a  given  amount  of  nitrogen  in  manure, 
whether  used  as  ammonia-salts  or  nitrate,  according  to  the 
available  supply  of  mineral  constituents  within  the  soil ;  and 
with  the  overwhelming  evidence  before  him,  which  such  a  com- 
prehensive summary  of  experimental  results  on  the  point  affords, 
the  practical  man  will  not  fail  to  see  that  he  not  only  very  in- 
juriously further  reduces  his  immediately  available  supply  of 
mineral  constituents,  but  also  pays  very  dearly  for  his  increase, 
if  he  seek  to  obtain  it  by  means  of  purely  nitrogenous  manures, 
when  his  soil  is  already  unduly  exhausted  of  mineral  consti- 
tuents. 

Equally,  if  not  more,  striking,  is  the  difference  of  effect  of  a 
given  amount  of  ammonia  in  one  season  as  compared  with 
another.  Where  the  mineral  condition  is  the  most  defective, 
there  the  result  of  a  given  amount  of  ammonia  is  the  most 
reduced  below  the  average  in  a  bad  season.  Leaving  the  reader 
to  the  study  of  all  such  abnormal  cases  in  the  records  given  in 
the  Table,  it  will  be  sufficient  here  to  direct  attention  to  the 
great  difference  of  effect  according  to  season  even  under  the  more 
favourable  conditions  as  to  the  amount  of  ammonia  employed, 
and  as  to  the  associated  supply  of  mineral  constituents. 

The  results  of  plot  6,  where  only  50  lbs.  of  ammonia  were 
applied  each  year,  and  always  in  conjunction  with  the  mixed 
mineral  manure,  will  well  illustrate  the  point  in  question. 
Whilst,  taking  the  s^verage  of  the  12  years,  it  required  4*86  lbs. 
of  ammonia  in  manure  to  yield  60  lbs.  of  increase  of  com  and 
its  proportion  of  stmw,  in  the  remarkably  productive  season  of 
1863  it  required  only  2-42  lbs.,  but  in  1853,  7'13  lbs.,  in  1860, 
8*85  lbs.,  and  in  1852,  12*45  lbs.  The  amount  of  produce  was, 
indeed,  lower  in  1853  than  in  1852 ;  but  as  the  deficiency  was 
very  much  greater  with  the  mineral  manure  alone  (upon  the 
produce  of  which  the  increase  is  calculated)  than  where  the 
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ammonia*<alt9  were  also  used,  the  amount  reckoned  as  increase 
due  to  the  ammonia  was  by  so  much  the  greater  in  ISdS,  and 
hence  the  better  result  for  a  given  amount  of  ammonia  in  that 
year  than  in  1852. 

To  conclude  on  this  point :  Great  as  is  the  difference  of  effect 
of  a  given  quantity  of  ammonia,  according  to  the  amount  applied 
per  acre,  to  the  mineral  condition  of  the  soil,  and  to  the  season, 
still,  when  only  moderate  quantities  were  used,  when  there  was 
a  sufficient  supply  of  mineral  constituents,  and  taking  the  average 
of  many  seasons — that  is,  under  the  conditions  the  most  com- 
parable with  those  of  the  average  of  common  practice — ^tbe  result 
was,  in  marked  accordance  with  our  early  estimate,  that  almost 
exactly  5  lbs.  of  ammonia  were  required  to  be  expended  to 
obtain  an  increase  of  1  bushel  of  wheat  grain,  and  its  proportion 
of  straw. 

V.   CoNCLUDiKa  Observations;   SHOwiNa  the  Practical 

Bearings  of  the  Besults. 

Referring  the  reader  to  the  fuller  summaries  already  given,  of 
the  conclusions  arrived  at  in  reference  to  each  separate  briinch 
of  the  subject,  it  only  remains,  in  bringing  this  paper  to  a  close, 
very  briefly  to  recapitulate  a  few  of  the  most  prominent  facts 
elicited,  and  to  show  their  connexion  with,  and  bearing  upon, 
the  ordinary  farm  practice  of  this  country. 

1.  On  a  soil   of  not   more  than   average  wheat-producing 
uality,  and  taken  for  experiment  after  a  course  of  5  crops  since 

e  application  of  manure,  wheat  has  been  grown  successfully, 
without  manure,  and  with  different  descriptions  of  manure,  fur 
20  years  in  succession. 

2.  Without  manure,  the  produce  of  dressed  corn  was,  in  the 
£rst  year,  15  bushels  per  acre;  in  the  last,  Xl^  bushels;  and, 
taking  the  average  of  the  20  years,  16^  bushels. 

3.  With  farmyard  manure,  applied  every  year,  the  produce 
was,  in  the  first  year,  20^  bushels ;  in  the  last,  44  bushels ;  and, 
on  the  average  of  the  20  years,  32^  bushels. 

4.  With  artificial  manures,  the  highest  produce  was,  in  the 
first  year,  24^  bushels  ;  in  the  last,  56]^  bushels ;  and,  taking  the 
average  of  the  20  years,  35|  bushels,  or  considerably  more  than 
the  average  produce  of  Great  Britain  when  wheat  is  grown  in 
the  ordinary  course  of  agriculture  in  rotation;  and  also  con- 
siderably more  than  was  obtained  in  the  same  field  by  an  annual 
application  of  farmyard  manure. 

5.  Mineral  manures  alone,  though  applied  in  the  soluble  form, 
increased  the  produce  scarcely  at  all ;  that  is,  they  did  not  enable 
the  plant  in  any  material  degree  to  assimilate  more  nitrogen  an4 
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from  atmospheric  sources,  than  when  it  was  grown  on  the 
practically  exhausted  unmanored  land. 

6.  Nitrogenous  manures  alone,  increased  the  produce  very 
considerably  for  many  years  in  succession ;  hence,  the  soil  in  its 
practically  exhausted  condition  was  relatively  much  richer  in 
available  mineral  constituents,  than  in  available  nitrogen. 

7.  The  largest  crops  were  obtained  when  mineral  and  nitro- 
genous manures  were  employed  together ;  and  it  was  by  such 
mixtures,  even  though  they  supplied  no  silica  (nor  carbon),  that 
the  produce  by  farmyard  manure  was  far  exceeded,  although  the 
latter  supplied,  not  only  both  silica  and  carbon,  but  all  other  con- 
stituents in  larger  quantity  than  they  were  removed  in  the  crops. 

The  question  arises — Will  any  conclusions  drawn  from  these 
results  regarding  the  character  of  the  exhaustion  induced  by  a 
course  of  cropping  in  this  particular  soil,  and  consequently 
regarding  the  description  of  manure  required  before  it  will  again 
produce  full  crops  of  wheat,  be  at  all  applicable  to  any  other  soil, 
or  to  soils  generally  ? 

Baron  Liebig,  although  he  profusely  illustrates  his  own  views  by 
reference  to  field  experiments,  and  even  to  isolated  results  of  our 
own,  if  by  unfair  representation  they  can  be  made  to  serve  his 
purpose,  and  although  it  is  doubtless  by  the  evidence  of  such 
experiments  that  he  has  been  led  to  his  present,  and  on  many 
points  greatly  amended,  views,  at  the  same  time  denies  the 
utility  of  field  experiments  generally,  and  of  our  own  in  parti- 
cular,  as  a  basis  of  deduction  regarding  even  a  neighbouring 
field,  and,  still  more,  a  field  in  any  other  locality.  Other  autho- 
rities look  at  field  experiments  in  a  very  different  light  Only 
a  few  weeks  since,  in  a  lecture  delivered  before  the  members  of 
the  Highland  and  Agricultural  Society  of  Scodand,  at  Stirling, 
Professor  Anderson  took  as  his  subject  the  importance  and 
the  best  mode  of  promoting  field  as  well  as  other  experiments 
in  connexion  with  agriculture. 

With  regard  to  the  particular  soil  upon  which  the  experiments 
which  form  the  subject  of  this  Report  were  made,  Baron  Liebig, 
according  to  the  exigency  of  his  argument,  has  maintained  alter- 
nately that  it  was  so  rich,  and  so  poor,  in  mineral  constituents, 
that  it  was  utterly  unfit  for  the  purposes  of  our  investigation.  To 
aid  the  judgment  of  those  who  may  wish  to  consider  the  subject 
in  the  spirit  of  candour  proper  to  an  important  practical  and 
scientific  inquiry,  it  may  be  well  to  indicate  how  far  the  results, 
briefly  stated  above,  are  consistent  with  those  obtained  in  direct 
experiments  in  an  adjoining  field,  and  on  soils  of  very  different 
diMcriptions  in  other  localities,  and  also  how  far  they  are  con- 
sistent with  the  common  experience  of  practical  agriculture  in 
this  country. 
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The  following  Table  (see  page  101)  slows,  side  by  side,  the 
average  annual  produce  obtained,  without  manure,  by  the  '^  mixed 
mineral  manure"  alone,  by  400  lbs.  ammonia^salts  alone,  and  by 
the  ^*  mixed  mineral  manure"  and  400  lbs.  ammonia^salts  together — 

1.  During  8  years  (1856-63)  in  the  experimental  field  in 
which  the  results  recorded  in  this  paper  were  obtained. 

2.  During  the  same  8  years  in  an  adjoining  field,  after  sereral 
wheat  crops  had  previously  been  taken  without  manure. 

3.  During  -3  years  (1852-54)  at  Holkham,  in  Norfolk,  on  a 
soil  described  as  a  light,  thin,  and  rather  shallow,  brown  sand- 
loam,  but  resting  upon  an  excellent  marl  containing  a  large 
quantity  of  calcareous  matter,  and  which  had  grown  wheat  in  ^e 
preceding  year  with  the  same  manures,  and  white  turnips  ma- 
nured with  farmyard  dung  and  guano  (of  which  both  tops  and 
roots  were  removed),  in  the  year  preceding  the  wheat 

4.  Over  4  years  (1856-59)  at  Rodmersham,  Kent,  on  a  soil 
described  as  a  mixed  clay,  upon  a  chalk  subsoil  lying  from  4  to 
6  feet  below  the  surface,  and  which  had  grown — in  1853,  turnips 
manured  with  2  cwts.  of  guano  and  3  cwts.  of  superphosphate  of 
lime  per  acre,  the  crop  being  fed  on  the  land ;  in  1854^  barley; 
and  in  1855,  beans  with  stable  dung. 

The  coincidence  of  the  results  obtained  in  the  two  fields  at 
Rothamsted  is  most  striking ;  and  when  the  known  differences  in 
the  condition  of  the  comparable  plots  in  the  two  cases  are  taken 
into  consideration,  even  the  differences,  such  as  they  are,  only 
afford  additional  evidence  of  the  consistency  of  the  indications. 
Thus,  in  Broadbalk  field,  the  mineral  manure  alone  succeeded 
heavy  dressings  of  nitrogenous  manure,  whilst  in  the  other  it  did 
not ;  and,  accordingly,  there  is  rather  more  produce  in  the  former 
than  in  the  latter.  Again,  the  ammonia-salts  had,  in  Broadbalk 
field,  been  used  alone  for  several  years  on  the  same  plot  prior  to 
the  period  taken  into  the  calculation ;  and  hence,  with  the  greater 
exhaustion  of  mineral  constituents  in  its  case,  there  was  rather 
less  produce.  The  results  without  manure,  and  with  the  mixed 
mineral  manure  and  ammonia-salts  together,  are  so  nearly  identical 
in  the  two  cases  as  to  call  for  no  remark. 

The  Holkham  soil  and  subsoil  were  totally  different  in  character 
to  those  at  Rothamsted ;  the  condition  at  the  commencement  as 
affected  by  recent  manuring  was  rather  higher,  and  two  of  the 
seasons  over  which  the  averages  are  taken  were  unfavourable,  and 
one  very  favourable  for  the  wheat  crop.  With  these  great  differ- 
ences of  circumstance  in  almost  every  particular,  we  still  find,  as 
at  Rothamsted,  very  little  increase  by  mineral  manure  alone,  con- 
siderably more  by  ammonia-salts  alone,  and  more  still  by  mixed 
mineral  manure  and  ammoniarsalts  together. 

The  Rodmersham  soil  and  subsoil  were  more  nearly  allied  in 
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Table  XXXII. — Resnlts  of  Experiments  on  the  Growth  of  Wheat  by 
different  Manures,  on  different  Soils,  in  different  Localities,  and  in  different 
Seasons. 


MAVimBB  APFUBO  XICH  TSAB. 


Aykbaob  Ahkuai.  Rksultb. 


RoUuuasted,  8  Tears ; 
1850-68. 


Broodbalk 
Field. 


Hoos 
Field. 


Holkbanw 
Norfolk ; 
a  Yean, 

1852-64. 


Rodmers- 

bam,  Kent ; 

4  Yean, 

1856-59. 


Dressed  Com,  per  Acre ;  in  Bushels  and  Pecks. 


Unmaniired ,. 

Mixed  Mineral  Manure,  alone 

Anunonia-salts,  alone 

Mixed  Mineral  Manure,  and  Ammonia-salts 


16  0 

15  0 

17  3f 

19  0 

16  Oi 

19  Oi 

23  Of 

26  0} 

27  Of 

36     If 

37  1} 

32  2^ 

25  2i 

28  2 

31  1} 

33  2 


Weight  per  Bushel  of  Dressed  Com  ;  lbs. 


Unmanared ••     •. 

Mixed  Mineral  Manure,  alone 

Ammonia-salts,  alone 

Mixed  Mineral  Manure,  and  Ammonia-salts 


57-0 

57-7 

61-3 

58-4 

58-5 

62-1 

56-0 

56*9 

69*6 

58-9 

58-0 

62*4 

59*4 
60"1 
58*5 
57-8 


Total  Com,  per  Acre ;  lbs. 


Unmanured 

Mixed  Mineral  Manure,  alone 

Ammonia-salts,  alone 

Mixed  Mineral  Manure,  and  Ammonia-salts 


990 

926 

nil 

1192 

987 

1202 

1471 

1618 

1636 

2407 

2295 

2055 

1565 
1760 
1917 
2020 


Straw  (and  Chaff),  per  Acre ;  lbs. 


Unmanared 

Mixed  Mineral  Manure,  alone 

Ammonia-salts,  alone 

Mixed  Mineral  Manure,  and  Ammonia-salts 


1625 

1459 

1298 

1804 

1528 

1700 

2536 

2706 

2240 

4176 

4016 

2838 

3343 

3949 
4788 
5696 


character  to  those  of  Rothamsted ;  but  the  condition  as  affected 
by  recent  manuring  was  very  much  higher.  In  fact,  the  land, 
so  far  from  being  at  the  commencement  in  a  practically  exhausted 
condition  requiring  liberal  manuring,  was  described  as  being 
already  in  a  well  cultivated  and  fertile  state,  and  prepared  for  the 
wheat  crop.  The  quantities  of  ammonia  actually  applied  were, 
therefore,  obviously  very  excessive.  The  result,  under  these  cir- 
cumstances, was,  as  might  be  expected,  much  higher  produce 
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wjthout  manure,  and  smaller  amounts  of  increase,  especially  of 
corn,  with  the  nitrogenous  manures.  Still,  the  general  character 
of  the  average  results  over  the  four  years,  is  the  same  as  in  the 
other  cases.  There  is  but  a  small  amount  of  increase  by  the 
mixed  mineral  manure  alone,  much  more  by  ammonia-salts 
alone,  and  more  still  by  the  mixed  mineral  manure  and  ammonia- 
salts  together. 

But,  independently  of  the  evidence  of  direct  experiment,  such 
as  is  afforded  in  the  results  above  referred  to,  we  would  here 
reiterate  the  opinion  given  in  substance  in  former  papers,  and 
founded  on  a  very  extensive  acquaintance  with  the  practical 
experience  of  farmers  in  the  use  of  artificial  manures  in  every 
district  of  Great  Britain  for  many  years  past,  that,  in  99  cases 
out  of  100  in  which  wheat  grown  in  me  ordinary  course  of 
agriculture  requires  further  manuring^  it  would  be  much  more 
increased  by  the  application  of  nitrogenous  than  of  purely  mineral 
manures;  in  other  words,  that  in  the  ordinary  course  of  agri- 
culture with  rotation,  as  practised  in  this  country,  the  supply  of 
mineral  constituents  immediately  available  for  the  wheat  crop,  is 
almost  invariably  in  excess  relatively  to  the  immediately  avail- 
able supply  of  nitrogen  from  the  atmosphere,  or  the  accumulated 
stores  within  the  soil  itself.  Furthermore,  with  few  exceptions, 
the  worse  the  so-called  *^  condition  "  of  the  land,  that  is,  the  more 
it  is  in  the  agricultural  sense  exhausted,  the  more  striking  would 
be  the  effect  of  exclusively  nitrogenous  compared  with  that  of 
exclusively  mineral  manures. 

What,  then,  are  the  common  practices  of  British  agriculture 
which  lead  to  this  result  ? 

Let  us  take  as  an  example,  as  we  have  done  before,  the  practice 
of  the  so-called  four  course  rotation — of  roots,  barley,  clover  (or 
beans),  and  wheat.  Let  us  further  assume,  for  the  sake  of  argu- 
ment, that  on  the  average  30  bushels  of  wheat,  35  bushels  of 
barley,  and  the  meat  from  the  consumption  of  10  tons  of  swedes, 
and  clover  equal  to  6000  lbs.  of  cloVer  hay  (or  1500  lbs.  of  bean 
corn),  are  the  products  sold  from  each  acre  of  the  farm  in  the  4 
years,  and  that  the  straw  of  the  corn  crops,  and  the  excrements 
from  the  animals  feeding  on  the  roots  and  the  clover  or  beans 
are  retained  on  the  farm  as  manure,  and  returned  periodically 
to  the  land.  Confining  attention,  for  the  sake  of  simplicity  of 
illustration,  to  those  mineral  constituents  which,  so  far  as  exist- 
ing knowledge  goes,  are  the  most  likely  to  become  relatively 
deficient  in  the  majority  of  soils,  it  may  be  estimated  that,  under 
such  a  course,  the  average  annual  loss  per  acre  by  the  sale  of 
corn  and  meat,  would  be  of  potass  from  4|^  to  5  lbs.,  of  phos* 
phoric  acid  from  7  to  8  lbs.,  and  of  silica  about  3  lbs. 
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But  ftU  practiciil  men  will  admit  tbat  the  amounts  of  produce 
here  assumed   to  foe  exported   from   each  acre,  or  equivalent 
amounts  in  other  forms,  could  only  be  so  under  one  of  two  con-- 
dtticms.     Either  the  soil  must  be  naturally  a  very  fertile  one,  or 
the  produce  must  be  kept  up  by  means  of  purchased  cattle-food 
or  artificial  manures.     In  the  case  of  a  soil  so  fertile  as  to  have 
yielded  for  any  considerable  number  of  years  the  average  produce 
supposed  without  assistance  from  import,  it  may  well  be  ques- 
tioned whether  it,  with  its  workable  subsoil,  would  not  be  com- 
petent to  yield  annually,  by  decomposition,  the  necessary  amounts 
of  the  mineral  constituents  mentioned,  and  if  of  them  of  others 
also,  for  an  all  but  indefinite  period.     In  the  other  case — that  in 
which  the  produce  is  kept  up  by  means  of  the  import  of  cattle^ 
food  or  artificial  manure,  or  of  part  one  and  part  the  other — the 
loss  of  the  constituents  in  question  derived  from  the  soil  itself 
will,  of  course,  be  by  so  much  less  than  the  amounts  assumed 
above,  and  that  of  others  will  be  also  reduced.     There  can  indeed 
be  little  doubt  that,  in  actual  practice,  the  loss  to  the  soil  itself, 
by  the  sale  of  com  and  meat,  is  generally  more  nearly  one-half, 
and  frequently  less  than  one-half,  of  the  above  assumed  amounts 
of  the  constituents  mentioned ;  and  that  of  others  will  be  less 
accordingly. 

So  far  as  the  purchase  of  food  for  stock  was  relied  upon,  no 
selection  could  well  be  made  from  the  current  supplies  in  the 
market,  that  would  not  bring  upon  the  farm  more  of  the  mineral 
constituents  than  the  increase  of  produce  due  to  the  manure 
obtained  from  it  would  remove  from  the  land  in  the  form  of  com 
and  meat  In  fact,  to  increase  the  sales  of  com  and  meat  by  the 
import  of  cattle-food  as  generally  practised,  is  to  increase,  and 
not  to  diminish,  the  amount  of  available  mineral  constituents 
within  the  soil.  If,  on  the  other  hand,  the  produce  were  kept  up 
by  means  of  artificial  manures,  the  rules  of  selection  among  intel- 
ligent practical  men  are  such,  that  almost  invariably  much  more 
of  phosphoric  acid  at  any  rate,  would  be  brought  upon  the  land, 
than  would  be  removed  from  it  in  the  increase  of  com  and  meat 
due  to  the  use  of  the  imported  manures. 

In  the  case  supposed  without  import,  it  is  probable  that,  in  the 
majority  of  instances,  phosphoric  acid  would  be  the  most  liable  to 
become  deficient  in  relation  to  other  constituents.  The  sources 
of  phosphoric  acid  developed  in  recent  years,  promise,  however, 
to  answer  to  any  demand  that  seems  likely  to  be  made  upon  them 
to  remedy  such  exhaustion  of  it  as  the  present  agricultural  prac- 
tices of  the  country  induce. 

In  the  case  of  imports,  on  the  other  hand,  especially  where 
they  consisted  chiefly  of  the  current  artificial  manures  rather  than 
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of  cattle-foods,  potass  would  be  the  most  likely  to  become  defi- 
cient. The  sources  of  potass  in  the  market  are,  indeed,  not  large, 
and  its  price  is  high.  Still,  it  would  be  a  very  economical 
manure  if  it  increased  the  immediate  produce  by  an  amount  con- 
taining anything  like  the  proportion  of  that  supplied,  which  is 
obtained  in  the  case  of  nitrogen  when  nitrc^nous  manures  are 
employed.  But  current  practices  have  certainly  not  yet  so  far 
reduced  the  relative  supply  of  potass  in  our  soils  as  to  render 
the  application  of  direct  potass-manures  to  the  wheat  crop  at 
all  profitable  to  the  farmer.  The  results  detailed  in  this 
paper  clearly  show,  however,  that  salts  of  potass  are  efiective 
enough  on  the  growth  of  wheat  when  the  immediately  avail- 
able supply  within  the  soil  is  really  unduly  exhausted  relatively 
to  that  of  other  mineral  constituents,  provided  only  that  there 
be  no  deficiency  of  available  nitrogen.  In  the  case  of  Legu- 
minous crops,  indeed,  potass-manures  will  frequently  greatly 
increase  the  amount  of  nitrogen  assimilated  over  a  given  area 
without  any  direct  supply  of  the  latter  by  manure.  And  should 
it  happen  that  our  modern  system  of  town  drainage  should  lead 
to  such  an  exhaustion  of  our  arable  lands  of  their  due  propor- 
tion of  available  potass,  that  potass-manures  from  without  should 
become  really  effective,  there  can  be  little  doubt  that  a  sufficient 
economical  source  of  supply  would  soon  supervene  on  such  a 
demand. 

There  is,  of  course,  no  question,  that  if  the  manurial  consti- 
tuents resulting  from  the  consumption  of  the  com  and  meat  sent 
into  our  towns  could  be  returned  to  the  land  whence  they  came, 
its  produce  would  be  considerably  increased ;  for  with  the 
mineral  constituents  there  would  always  be  associated  nitrogen, 
in  amount  which  would  serve  to  render  effective  a  considerable 
portion  of  all,  if  not  the  whole  of  some,  of  those  constituents.  If? 
nowever,  human  excretal  matters  continue  to  be  diluted  with 
water  to  the  extent  recognised  by  the  growing  system  of  urban 
defecation,  and  if  dilute  liquid  sewage  cannot  be  distributed  in 
small  quantities  over  large  areas  at  a  much  lower  cost  to  the 
farmer  than  has  yet  been  proposed,  there  is  little  hope  that  the 
manurial  constituents  derived  from  the  human  food  sent  into  our 
towns  can  be  re-distributed  over  the  area  from  which  they  came. 
Indeed,  having  regard  to  the  inapplicability  of  dilute  li(]^uid 
sewage  to  arable  land,  except  in  small  quantities  and  at  particu- 
lar seasons,  and  to  the  assumed  cost  of  distribution,  it  appears 
probable  that  the  most  profitable  mode  of  utilisation  of  sewage 
will  be,  to  limit  the  area  by  applying  the  greater  part,  if  not  the 
whole,  to  permanent  or  other  grasses,  laid  down  to  take  it  the  year 
round,  trusting  mainly  to  the  periodically  broken  up  rye-grass  land, 
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and  to  the  application  to  arable  land  of  the  solid  manure  result- 
ing from  the  consumption  of  the  sewaged  grass,  for  obtaining 
other  produce  than  milk  and  meat  by  means  of  sewage. 

In  me  illustrations  given  above,  therefore,  it  is  sought  to  convey 
an  approximate  idea,  on  the  one  hand  of  the  utmost  extent,  and 
on  the  other  of  the  probable  limit,  of  the  loss  to  which  our  arable 
soils  are  subject  by  the  sale  of  com  and  meat,  supposing  the 
mineral  constituents  be  not  returned  to  the  land  whence  they 
came.  Confining  attention  to  this  object,  we  necessarily  leave 
•  out  of  view  the  cases  in  which  roots,  hay,  or  straw,  are  largely 
sold,  for,  in  such,  compensation  is  generally  made  by  the  return 
to  the  land  of  town  manures  of  some  kind.  If  this  be  not  done 
the  loss  of  mineral  constituents  will,  of  course^  be  very  con- 
siderable. 

In  view  of  the  facts  above  adduced,  we  think  it  may  safely 
be  concluded,  that  the  modem  practices  of  this  country,  taken  as 
a  whole,  do  not  tend  to  the  injurious  exhaustion  of  the  mineral 
constituents  in  anything  like  the  degree  that  has  been  assumed 
by  some.  Further  tiian  this,  we  think  tiie  evidence  is  more 
in  favour  of  the  supposition  that,  in  a  great  majority  of  our 
floils^  they  are,  by  tiie  combined  aid  of  progressive  liberation, 
and  of  restoration  from  without,  becoming,  in  the  course  of 
coltivation,  richer  rather  tiian  poorer  in  immediately  available 
mineral  constituents  relatively  to  immediately  available  nitrogen. 
So  far  as  this  is  attained  at  the  expense  of  the  constituents  of  tiie 
soil  itself  there  is,  of  course,  the  less  to  fall  back  upon  within  a 
given  depth  from  die  surface.  But,  it  surely  cannot  be  denied, 
that  if  there  really  is  an  annual  liberation  of  mineral  constituents 
in  available  form  for  the  growth  of  plants,  at  least  a  portion  of 
this  may,  with  propriety,  be  sold  off  tiie  farm  for  good  and  all. 

The  exact  amount  of  annual  loss  of  mineral  constituents  which 
any  soil,  with  its  workable  subsoil,  can  permanently  support 
without  injury,  cannot,  indeed,  be  proved.  But  such  evidence 
as  is  at  command  goes  to  show,  that,  under  the  conditions  at 
present  existing,  the  nature  and  extent  of  the  loss  to  which  our 
soils  are  subject  are  such,  that  tiie  majority  are  deficient  of  avail- 
able nitrogen  rather  than  of  available  mineral  constituents,  so 
far  as  the  requirements  for  full  crops  of  the  cereal  grains  are 
concerned. 

Insisting  strongly,  then,  as  we  have  always  done,  upon  the 
absolute  necessity  of  a  full  supply  of  available  mineral  con- 
stituents within  the  soil,  relatively  to  tiiat  of  nitrogen,  we  still 
believe  that,  in  tiie  actually  existing  conditions  of  British  agri- 
culture, it  is  not  they,  but  tiie  available  nitrogen,  that  is  generally 
found  to  be  relatively  deficient 
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What  then,  are  the  sources  of  available  nitrogen  within  the 
soil,  to  which  the  farmer  must  look  for  the  production  of  good 
crops  of  wheat? 

In  former  papers  in  this  Journal,  we  have  pointed  out  that  his 
chief  means  to  this  end  was  the  adoption  of  a  suitable  rotation  of 
crops — alternating  with  his  com  the  so-called  "  green,"  **  fallow,** 
or  ^^  fodder  "  crops,  an  important  office  of  which  it  is  to  collect 
from  natural  sources,  or  to  conserve  on  the  farm  in  the  form  of 
manure,  available  nitrogen  for  the  increased  growth  of  the 
saleable  cereal  grains.  We  have  further  maintained  that,  as 
either  by  bare  fallow,  or  a  rotation  of  crops,  with  the  consump- 
tion of  the  fallow  crops  and  the  retention  of  the  straw  on  the  farm, 
the  accumulation  of  available  mineral  constituents  will  generally 
be  in  excess  of  the  available  nitrogen,  it  is  the  amount  of  the 
latter,  rather  than  of  the  former,  that  will  be  the  measure  of  the 
increased  produce  obtained  by  such  means. 

Baron  Liebig's  former  views  of  the  means  by  which  our  cereal 
crops  were  to  be  increased  were,  however,  directly  opposed  to  those 
here  stated.  He  assumed  that  fertility  was  quite  independent  of  the 
ammonia  conveyed  to  the  soil ;  that  if  only  the  necessary  mineral 
constituents  were  supplied  in  sufficient  quantity  and  in  available 
form,  our  cultivated  plants,  Graminaceous  as  well  as  Leguminous, 
would  derive  sufficient  ammonia  from  the  atmosphere ;  that  the 
presence  of  ammonia  in  our  manures  was  immaterial ;  indeed, 
that  the  entire  future  prospects  of  agriculture  depended  upon  our 
being  able  to  dispense  with  ammonia  in  our  manures,  therefore 
with  animal  manures,  and  hence  with  the  bulky  farmyard 
manure,  and  substitute  for  it  artificial  preparations. 

Baron  Liebig  now  fully  admitting  the  inefficacy  of  the  wheat- 
manure  devised  by  himself,  attributes  its  failure  to  the  condition 
of  insolubility  in  which  the  mineral  constituents  were  provided 
in  it ;  and  having  formerly  treated  the  investigations  of  Professor 
Way  on  the  properties  of  soils  with  much  ridicule,  he  now  passes 
a  well  merited  eulogium  on  the  important  experiments  and  dis- 
coveries of  that  gendeman  and  Mr.  H.  S.  Thompson,  and  alleges, 
that  since  it  has  been  shown  that  certain  soluble  mineral  sub- 
stances become  sufficiently  insoluble  when  supplied  to  the  soil,  the 
want  of  the  anticipated  efifect  of  his  manures  is  completely  explained* 
It  is  obvious,  however,  that  those  discoveries  afford  no  explanation 
whatever  of  that  failure ;  for  if  insolubility  were  the  only  bar  to 
efficiency,  the  same  constituents  supplied  in  the  soluble  form 
should  have  the  effect  which  Liebig's  wheat  manure  was  designed 
to  produce.  They  should,  in  fact,  enable  the  wheat-plant  to 
assimilate  sufficient  nitrogen  from  the  atmosphere  for  large  crops. 
But  the  results  of  direct  experiment  recorded  in  this  and  former 
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papers,  as  well  as  the  common  experience  of  this  country  show, 
that  those  soluble  mineral  manures  which  are  effective  enough 
when  available  nitrogen  is  supplied  within  the  soil,  are  entirely 
unavailing  to  yield  any  more  than  a  very  immaterial  amount  of 
increase  in  the  absence  of  such  supply.* 

Very  inconsistently,  however,  with  the  supposition  that  want 
of  solubility  was  the  defect  of  his  mineral  manure,  Baron  Liebig 
now  maintains  that  progress  in  agriculture  depends,  not  as  before 
on  being  able  to  dispense  with  a  rotation  of  crops,  with  nitn> 
genous  manures  in  general,  and  with  farmyard  manure  in  par* 
ticular,  and  to  substitute  it  by  artificial  preparations,'  but  upon  a 
proper  rotation  of  crops,  the  successful  growth  of  fodder  plants, 
the  use  of  farmyard  manure,  and  the  accumulation  of  nitrogenous 
food  within  the  soil,  so  very  important  for  the  perfect  growth 
of  the  cereals. 

Whilst  thus  adopting  the  views  which  we  have  maintained 
in  opposition  to  his  own  for  so  many  years  past,  and  have 
supported  by  much  experimental  and  other  evidence  in  the 
pages  of  this  Journal,  he  seeks  to  convey  the  impression  to  his 
readers  that  we  have  in  reality  advocated  directly  contrary 
opinions — that,  in  fact,  in  insisting  upon  the  necessity  of  an 
accumulation  of  ayailable  nitrogen  within  the  soil  for  the  increased 
growth  of  the  cereals,  we  assume  that  the  chief  source  of  that 
accumulation  should  be  ammonia  purchased  from  without  In 
illustration  of  the  hopelessness  of  improvement  in  agriculture 
under  such  conditions,  he  points  out  how  very  inadequate  are 
the  supplies  of  nitrogen  in  the  form  of  purchased  manure  from 
without  to  any  largely  increased  growth  of  com ;  a  view  in 
which  we  need  hardly  say  we  fully  concur. 

No  doubt  the  supply  of  ammonia,  or  nitrogen  in  some  other 
form,  from  without,  limited  as  it  is,  is  a  very  important  adjunct 

*  Notwithstanding  Baron  Liebis^s  former  ridicnle  of  Professor  Way's  experi- 
ments, and  Lis  subsequent  acknowledgment  of  the  importance  of  his  results  only 
after  it  was  generally  admitted,  and  when  it  was  found  that  they  were  essential 
as  the  basis  of  new  yiews  of  his  own,  and  that  they  served  him  to  explain  his 
previous  error  (in  a  manner,  however,  which  is  seen  to  be  quite  untenableV  the 
following  are  the  terms  in  which  that  acknowledgment  is  spoken  of  by  Proiessor 
Hofmann  in  his  capacity  of  International  Reporter : — 

'^The  correction  of  his  error  by  Way,  Liebig  frankly  and  unhesitatingly 
accepted.  His  genius  instantly  appreciated  the  value  of  the  English  chemist's 
observation ;  and  shed  upon  it  so  bright  a  light  as  may  be  said  to  have  doubled  its 
importance.  Liebig,  in  fact,  studied  the  new  truth  in  all  its  bearings,  supplied  its 
most  generally  received  interpretation,  displayed  its  momentous  consequences, 
elevated  it  to  the  rank  of  a  law  of  nature,  and  embodied  this  law  as  one  of  tiie 
comer-stones  of  his  great  edifice." 

*'  Probably,  in  all  Liebig*s  illustrious  career,  no  incident  bears  higher  testimony 
than  this  to  the  vigour  and  fertility  of  his  intellect^  to  his  undeviating  candour, 
and  to  his  disinterested  solicitude,  on  all  occasions,  for  truth  and  truth  alone." 
(Report  of  International  Exhibition  of  1862,  p.  167.) 
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to  that  accumulated  for  the  growth  of  the  saleable  cereal  grains 
by  means  of  rotation,  and  its  associated  practices.  But  we  have 
long  ago  expressed  our  conviction  that  if  the  supplies  of  ammonia 
were  much  increased,  the  available  mineral  constituents  of  our 
soils  would  in  their  turn  become  relatively  deficient. 

It  is  one  thing  to  maintain,  as  we  do,  that  under  the  existing 
conditions  of  agriculture  in  this  country,  the  nitrogen  in  manures 
has  justly  a  preponderating  value  attributed  to  it,  and  quite 
another  to  advocate  as  we  do  not,  and  never  have  done,  that 
nitrogenous  manures  alone  should  be  obtained  from  without. 
Nor  is  it  the  practice  of  intelligent  farmers  so  to  make  use  of  the 
nitrogenous  manures  in  the  market  Those  which  the  most 
nearly  approach  the  character  of  purely  nitrogenous  manures, 
such  as  ammonia-salts  and  nitrate  of  soda,  are  rarely  even  for  a 
single  crop  used  alone,  and  never  so  by  any  farmer  of  moderate 
intelligence,  unless — to  say  nothing  of  the  periodical  supplies  of 
the  home  manures,  perhaps  enriched  by  the  consumption  on  the 
farm  of  purchased  food  for  stock — ^he  applies  specially  phosphatic 
manure  to  some  other  crop  in  his  course. 

The  objection  that  has  been  raised  against  the  practice  oi 
purchasing  food  for  stocky  that  that  which  is  a  gain  of  constituents 
to  the  purchaser  is  in  the  same  deg^e  a  loss  to  the  seller,  surely  in 
these  days  of  growing  intelligence,  and  of  extension  of  commercial 
freedom  and  interchange  of  commodities  throughout  the  world, 
hardly  requires  serious  consideration.  The  producers  in  thickly- 
populated  districts  will  reap  the  just  reward  of  their  folly  if  they 
dispose,  without  due  compensation,  of  products  which  the  require- 
ments of  their  own  markets,  or  of  their  own  soils,  render  it  de- 
sirable that  they  should  keep  at  home.  But,  if  countries  thinly 
populated  in  relation  to  the  area,  and  to  the  capabilities  of  the 
soils  and  climates  with  which  they  have  to  deal,  should  not  supply 
the  wants  of  those  more  densely  peopled,  in  exchange  for  such 
commodities  as  they  may  need  and  their  customers  may  be 
able  to  supply,  because  in  so  doing  they  would  dispose  of  a  portion 
of  the  mineral  constituents  annually  liberated  within  their  soils, 
the  sooner  this  chemical  principle  of  protection  is  understood  and 
acted  upon,  and  the  sooner  the  commercial  system  of  the  world  is 
abandoned,  and  we  make  up  our  minds  to  be  satisfied  with  that 
which  is  produced  at  our  own  doors,  the  better  we  suppose  will 
it  be.  For  our  own  part,  we  are  disposed  to  entertain  some  trust 
and  confidence  that  the  laws  of  supply  and  demand,  if  left  un- 
fettered by  artificial  restrictions,  will  in  this,  as  in  other  matters, 
so  regulate  production  as  may  best  contribute  to  the  wants  of 
mankind  at  large. 

Taking,  however,  the  conditions  of  our  agriculture  as  they 
really  exist,  and  not  anticipating  a  revolution  in  the  sense  just 
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supposed,   we  are  disposed  to  consider  that  the  relation  of  the 

supplies  of  potass  and  other  mineral  constitaents,  to  those  of 

phosphoric  acid  and  nitrogen  in  the  market  and  available:  from 

other  sources,  is  such,  that  there  is  not  much  danger,  except  in 

isolated  cases,  of  an  excess  of  nitrogenous  manure  from  without 

injuriously  deranging  that  balance  of  constituents  within  the  soil 

which  it  is  essential  to  keep  up,  if  not  only  full,  but  healthy, 

crops  are  to  be  produced.     At  present,  at  any  rate,  the  produce 

per  acre  over  the  country  at  large  is  annually  increasing  rather 

than  diminishing.     The  probability  is,  indeed,  that  any  growing 

derangement   in    the  composition  of  our  soils  will  show  itself 

in  increasing  tendency  to  abnormal  growth,  or  disease  of  various 

kinds,  rather  than  in  gradual  diminution  of  at  the  same  time 

healthy  crops.     There  is,  however,  as  yet,  so  far  as  we  are  aware, 

no  well-established  evidence  showing  any  clear  connexion  between 

the  essential  conditions  of  our  modem   system  of  cultivation, 

manuring,  and  cropping,  on  the  one  hand,  and  the  prevalence  of 

particular  forms  of  faulty  growth  on  the  other. 

Indeed,  on  many  of  our  heavier  soils,  and  even  on  lighter  ones 
if  purchased  cattle-food  be  liberally  employed,  com  crops  may 
be  grown  more  frequently  than  is  consistent  with  what  have 
generally  been  considered  the  established  rules  of  good  farming, 
not  only  with  pecuniary  benefit  to  the  producer,  but  without  in- 
jury to  the  soil.  On  heavy  soils  barley  of  better  quality  may  be 
obtained  after  wheat  than  after  a  root-crop.  But  when  corn  is 
taken  after  com,  great  attention  should  be  paid  to  the  cleaning 
of  the  land,  and  manure  should  be  liberally  applied.  When 
wheat  follows  another  corn-crop,  not  less  than  50  to  60  lbs.  of 
ammonia  (or  its  equivalent  of  nitrogen  in  some  other  form)  should 
be  applied  per  acre,  and  when  barley  or  oats  follow*  a  corn-crop, 
from  40  to  50  lbs.  The  quantity  of  phosphate  employed  with 
the  ammonia  should  be  greater  for  spring  than  for  autumn  sown 
corn-crops.  The  manures  should  be  applied  at  the  time  of  sowing 
the  seed* 
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Appendix. — Table  I. — ^Manubes  and  Pboduce  ;  Ibt  Season,  1843-4. 
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1  The  farmyard  dung  was  burnt  slowly  In  a  heap  in  the  open  air  to  an  imperfect  or  coaly  ash,  and  32  cwtSi 
of  ash  represent  U  tons  of  dung. 

I  The  silioate  of  potass  was  manufactured  at  a  glass-house  by  Aising  equal  parts  of  peai1<aah  and  sand.  "His 
product  was  a  transparent  glass,  slightly  deliquescent  in  the  air,  which  was  ground  to  powder  under  edge-stones. 

*  The  manures  termed  superphosphate  of  lime,  phosphate  of  potass,  phoq>hate  of  soda,  and  i^o^bale  of 
magnesia,  were  made  by  acting  upon  bone-ash  by  means  of  sulphuric  acid  in  the  first  instance,  and  tn  tne  caset 
of  the  alkali  salts  and  the  inameshin  one  neutralizing  the  compound  thus  obtained  by  means  of  dwap  pnpantlon 
of  the  req)ectlTe  bases.  For  the  superphosphate  of  Dme  the  proportions  were  6  parts  bone-ash,  3  parts  water,  uA 
3  parts  sulphuric  add  of  sp.  gr.  1*84;  and  for  the  phosphates  of  potass,  soda,  and  magnesia,  they  were  4  parti 
booe-aah,  water  as  needed,  3  parts  sulphuric  add  of  sp.  gr.  l-8t,  and  equivalent  amounts,  respecliyely,  of  pcaiMslv 
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ExPEBDfBirrs  at  Bothahsted  on  the  Gbowth  oy 
Appenddc-^Table  II. — ^Manubes  and  Pboducb  ;  2kd  Season,  1845. 
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^  The  silicate  of  potass  was  manufiictured  at  a  gliws-house  by  fusing  equal  ports  of  pcarl-esh  and 
sand.  The  product  was  a  tiaosparcnt  glass,  slightly  deliquescent  in  the  air ;  it  was  ground  to  powder 
under  edge-stones. 

'  llbe  manures  termed  supei^hospbate  of  lime  and  phosphate  of  potass  were  made  Ly  acting 
upon  bone-ash  by  means  of  sulphuric  acid,  and  in  the  case  of  the  potass  salt  neutralizing  the  compoui^ 
tlius  obtained  by  means  of  pearl-ash.  For  the  superphosphate  of  lime  the  proportions  were  5  parts 
bone-ash,  3  parts  water,  and  3  parts  sulphuric  add  of  sp.  gr.  1*84;  and  for  the  phosphate  of  potass 
4  parts  bone-ash,  water  as  needed,  3  parts  sulphuric  acid  of  sp.  gr.  1*84,  and  an  equivalent  amount 
of  pearl-ash.  The  mixtures,  of  course,  lost  weight  considerably  by  the  (.-volution  of  water  nitd 
carbonic  acid. 
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'  The  medidnal  cnrboDate  of  ammonia ;  it  was  dissolved  in  water  and  top-dressed. 

*  Plot  5  was  2  lands  wide  (in  after  years,  respectively,  5a  and  56);  5'  consisting  of  2  nltemate 
one-fourth  lengths  acroas  both  lands,  and  5'  of  the  2  remaiuing  one-foorth  lengths. 

*  Top-dreased  at  once. 

'  Top-dressed  at  4  inteiTals. 
7  Peruvian. 

*  Icfaaboe. 
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^  Top-dressed  in  the  Spring. 
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EZPBBIUSNTS  AT  BoTHAMflrXD  OH  THB  GROWTH  OV 

Appendix. — ^1'ablb  IV. — Makubes  and  Pboduce  ;  4th  Season,  1846-7. 
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Wheat  Ysab  kstkbl  Ybab  on  the  same  Land. 

Manubbs  and  Seed  (Old  Bed  Lammas)  sown  end  of  October  1846. 
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EZFEBIMISNTS  AT  RoTHAMSTBD  ON  THE  GbOWTH    OF 

Appendix.— Table  V. — ^Mantjbes  and  Produce  ;  5th  Season,  1847-8. 
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Wheat  Tkab  aiteb  Teab  ok  ths  bams  Lakd. 
Maxitbbs  and  Seed  (Old  Red  Lammas)  sown  Antumn  1847. 
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NOTES  TO  TABLE  IX,  (p.  rviii.) 

[Tablb  IX.  ifl  intended  to  be  drawn  oiit  to  the  left,  free  of  the  book, 
as  it  has  reference  to  the  suoceeding  Tables.] 


'  For  ihe  16<&  arid  succeeding  seasons —ibe  sulphate  of  potass  was 
reduced  from  600  to  400  lbs.  per  acre  per  annmn  on  Plot  1,  and  from 
800  to  200  lbs.  on  all  the  other  Plots  where  it  was  used;  the  sulphate 
of  soda  from  400  to  200  lbs.  on  Plot  1,  to  100  lbs.  on  all  the  Plots  on 
which  200  lbs.  had  preyionslj  been  applied,  and  from  550  to  336^  lbs. 
(two-thirdQ  the  (unonnt)  on  Plots  12a  and  126 ;  and  the  sulphate  of 
magnesia  from  420  to  280  lbs.  (two-thirds  the  amount)  on  Plots  14a 
and  146. 

*  Plot  9a— the  sulphates  of  potass,  soda,  and  magnesia,  and  the 
superphosphate  of  lime,  were  applied  in  the  12th  and  succeeding 
seasons,  but  not  in  the  9th,  10th,  and  11th;  and  the  amount  of  nitrate 
of  soda  was  for  the  9th  season  only  475  lbs.  per  acre,  and  for  the  10th 
and  11th  seasons  only  275  lbs. 

*  Plot  96— in  the  9th  season  only  475  lbs.  of  nitrate  of  soda  were 
applied. 

*  Common  soli — ^not  applied  after  the  10th  season. 

'  Plots  17a  and  176,  and  18a  and  186 — the  manures  on  these  plots 
alternate :  that  is,  Plots  17  were  manured  with  ammonia-salts  in  the 
9th  season ;  with  the  sulphates  of  potass,  soda,  and  magnesia,  and 
Buperphofifphate  of  lime,  in  the  10th;  ammonia-salts  again  in  the 
11th ;  the  sulphates  of  potass,  soda,  and  magnesia,  and  superphosphate 
of  lime,  again  in  the  12thj  and  so  on.  Plots  18,  on  the  other  hand, 
had  the  sulphates  of  potass,  soda,  and  magnesia,  and  superphosphate 
of  lime,  in  the  9th  season ;  ammonia-salts  vx  the  10th,  and  so  on, 
altomately. 
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Appendix.— Table  X.— Pbobuob  of  tlfe  9th  SBAfloir,  1861*2.    Seed  (Red  Cluster) 

sown  November  7, 1851 ;  Crop  cnt  August  24, 1852. 
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ON  THE  BAMS  LaKD. 

Afpbsdiz.— Tabi£  XI. — ^Produce  of  the  10th  Season,  1853.    Seed  (Bed  Bostock) 
sown  March  16 ;  Crop  out  Septemher  10,  and  carted  September  20, 1868. 
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Appendix.— Table  XIT.—Pboduob  of  the  11th  Season,  1853-4    Seed  (Bed  Bostock) 
sown  November  12, 1853 ;  Crop  cat  August  21,  and  carted  August  81, 1854 
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•  • 

6*4 

63*6 

4 

23 

61*1 

61f 

1521 

2338 

3859 

162 

201 

363 

4-2 

65-1 

5a 

24 

U 

61-0 

9U 

1578 

2520 

4098 

219 

383 

602 

6-1 

62*6 

56 

24 

0 

61*6 

53 

1532 

2503 

4035 

173 

366 

539 

3*6 

61*2 

6a 

33 

21 

61*8 

103| 

2186 

3845 

6031 

827 

1708 

2535 

5*0 

56-8 

66 

34 

2i 

61-8 

100^ 

2239 

4055 

6294  , 

880 

1918 

2798 

4-7 

55-2 

7a 

45 

H 

61*9 

13ll 
140] 

2950 

5603 

8553 

1591 

8466 

5057 

4-7 

52-6 

76 

45 

1} 

61-8 

2944 

5496 

8440 

1585 

3359 

4944 

5-0 

53*6 

8a 

47 

If 

61-4 

I52f 

3065 

6135 

9200 

1706 

3998 

5704 

5*3 

50-0 

86 

49 

2i 

61'8 

139  J 

3208 

6117 

9325  ' 

1849 

3980 

5829 

4-6 

52-4 

9a 

38 

3 

60*7 

103| 

2456 

4142 

6598 

1097 

2005 

3102 

4.4 

59  3 

96 

38 

Si 

60-7 

llSi 

2480 

4243 

6723 

1121 

2106 

3227 

5-0 

58-4 

10a 

34 

li 

60-5 

131A 

2211 

3597 

5808 

852 

1460 

2312 

6*3 

61-5 

106 

39 

oj 

61-6 

12lf 

2535 

4468 

7003 

1176 

2381 

3507. 

5*0 

56*7 

lia 

44 

2 

61-1 

14(^: 

2859 

5147 

8006 

1500 

3010 

4510 

5-2 

55.6 

116 

43 

oi 

6l«2 

117} 

2756 

5020 

7776 

1897 

2883 

4280 

4-5 

54*9 

12a 

45 

Si 

62-2 

114J 

2966 

5503 

8469 

1607 

3366 

4973 

4-0 

53-9 

126; 

45 

li 

62'2 

115 

2939 

5473 

8412 

1580 

3336 

4916 

4-1 

53-7 

13a 

45 

Oi 

62*2 

106 

2913 

5398 

8311 

1554 

3261 

4815 

3-8 

54-0 

136, 

43 

H 

62*2 

130| 
127f 

2858 

5545 

8403 

1499 

3408 

4907 

4-8 

51-6 

14a 

45 

u 

62-2 

2946 

5552 

8498 

1587 

3415 

5002 

4-5 

53-1 

146 

44 

oi 

62*2 

120f 

2863 

5418 

8281 

1504 

3281 

4785 

4*4 

52-9 

15a 

43 

1) 

62-1 

nil 

2801 

4898 

7699 

1442 

2761 

4203 

4-1 

57-2 

156 

43 

1 

62-4 

112} 

2810 

5273 

8083 

1451 

3136 

4587 

4-2 

53*3 

16a 

49 

2} 

61-7 

173f 

3230 

6702 

9932 

1971 

4565 

6536 

5-7 

48-S 

166 

50 

Of 

61*7 

1961 

3293 

6635. 

9928 

1934 

4498 

6432 

6-3 

49-6 

17a 

45 

3 

62-1 

104 

2948 

5270 

8218 

1589 

3133 

4722 

3-7 

55-9 

176 

42 

2i 

62-2 

86} 

2732 

4897 

7629 

1373 

2760 

4133 

3-3 

65-8 

18a 

24 

0 

61*2 

55f 

1526 

2418 

3944 

167 

281 

448 

3-8 

63-1 

186 

23 

n 

61*0 

64} 

1511 

2377 

3888 

152 

240 

392 

4-5 

63-6 

19 

41 

Of 

61-7 

122} 

2666 

4677 

7343 

1307 

2540 

3847 

4*8 

57*0 

20 

22 

3 

60  8 

62 

1445 

2217 

3662 

86 

80 

166 

4-5 

65-2 

21 

82 

oi 

61-2 

63f 
55} 

2030 

3440 

5470 

671 

1303 

1974 

3-3 

59-1 

22 

31 

3 

610 

1994 

3340 

5534 

635 

1203 

1838 

2*9     59*7 

App.] 
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EsPSBnCKiTS  AT  BOTHAHSTED   ON  THE  ObOWTH  OF  WhBAT  YsAB  AFCSB  YbAB 

ON  THE   SAME  LaNP. 

ArpsNDix. — ^Tabls  XIII. — Pboducb  of  the  12th  Season,  1854-5.  Seed  (Red  RoBtock) 
sown  NoYember  9,1854 ;  Crop  cut  August  26,  and  carted  September  2, 1855. 


Pmduob  fib  Acbs,  &c 
(For  the  Hanores  aee  pp.  xviii  and  zlx). 

Ikcuabb  pie  Acbb 

OAd 

Com 

to 

100 

Dresaed. 

Qmh 

note. 

DnaedCom.   • 

Offal 
Oonu' 

Total 
Com. 

Stnw 

and 

Chalt 

Total 
Produce 

(Oora 

and 

Straw) 

Com. 

Strftw 

and 

Chaff. 

Total 
Produce. 

to 
100 

Qoaotity. 

Weight 

per 
BoabeL 

Stnw. 

BiMh.  PBckii. 

tt». 

lb*. 

lb«. 

Iba. 

lbs. 

nw. 

Iki. 

Um. 

0 

17 

0 

60-7 

63 

1096 

1726 

2822 

24 

-  61 

-  37 

6-1 

63-5 

1 

18 

2 

60*5 

57J 

1179 

1890 

3069 

107 

103 

210 

51 

62-4 

2 

S4 

2i 

62*0 

88| 

2237 

3845 

6082 

1165 

2068 

3223 

4  1 

58*2 

8 

17 

0 

59-2 

n 

1072 

1787 

2859 

. . 

• . 

•  • 

6*5 

60*0 

i 

18 

2J 

59*5 

1168 

1832 

3000 

96 

45 

141 

5'2 

68*8 

5a 

18 

9 

59-9 

46i 

1157 

1819 

2976 

85 

32 

117 

4*2 

63*6 

56 

18 

oi 

60' 1 

51} 

1143 

1800 

2943 

71 

13 

84 

4-7 

63*5 

6a 

27 

3 

60'3 

80| 

1753 

2837 

4590 

681 

1050 

1731 

4-8 

61*8 

66 

28 

1 

60-9 

87} 

1811 

3037 

4848 

739 

1250 

1989 

5-1 

59*6 

7a 

32 

2f 

59-4 

142 

2084 

3911 

5995 

1012 

2124 

3136 

7-3 

63'3 

76 

83 

l| 

59*5 

154 

2138 

4158 

6296 

1066 

2371 

3437 

7-8 

51*4 

8a 

29 

3 

58-8 

160    . 

1909 

3838 

5747 

837 

2051 

2888 

9*2 

49-7 

86 

33 

Of 

58*7 

205 

2153 

4342 

6495 

1081 

2555 

3636 

10*5 

49*6 

9^ 

29 

2» 

58-3 

203} 

1932 

3946 

5878 

860 

2159 

3019 

U-8 

49-0 

96 

25 

4 

57-3 

152| 

1605 

3212 

4817 

533 

1425 

1958 

10  5 

500 

lOa 

1 
19 

3 

57*1 

145 

1285 

2512 

8797 

213 

725 

938 

12-7 

51*2 

106 

28 

58-9 

145 

1805 

3268 

5073 

733 

1481 

2214 

8-7 

65*2 

11a 

18 

8 

55-3 

174 

1210 

2484 

3694 

138 

697 

835 

16-8 

48-7 

n6> 

24 

H 

56-3 

193} 

1580 

3153 

4733 

508 

1366 

1874 

14-0 

50*1 

12j 

30 

01 

59-6 

151} 

1940 

3538 

5478 

868 

1751 

2619 

8-5 

54-8 

126 

33 

2 

60-2 

157 

2172 

4010 

6182 

1100 

2223 

3323 

7*8 

54*2 

I3j 

29 

0 

59*9 

187} 

1924 

3503 

6427 

852 

1716 

2568 

10-8 

54*9 

136 

32 

2 

60*4 

147} 

2110 

3870 

5980 

1038 

2083 

3121 

7-5 

54*5 

\ia 

29 

3 

60-0 

167} 

1954 

3577 

5531 

882 

1790 

2672 

9*4 

54-6 

li6 

83 

1 

If 

60*0 

148} 

2158 

4003 

6161 

1086 

2216 

8302 

7-4 

53*9 

15a 

1 

31 

Si 

60*0 

119} 

2030 

3825 

5855 

958 

2038 

2996 

6*3 

53-1 

166  ; 

33 

3 

60*6 

146} 

2193 

4222 

6415 

1121 

fi435 

3556 

7*2 

52*0 

16a 

33 

M 

58*2 

160 

210O 

4534 

6634 

1028 

2747 

3775 

8-3 

46-3 

lo6 

82 

2 

58*2 

225} 

2115 

4991 

7106 

1043 

3204 

4247 

12*0 

42*4 

I7a 

18 

H 

60*8 

78} 

1227 

1976 

3203 

155 

189 

344 

6*8 

62*1 

176 

17 

oi 

60*3 

122} 

lllO 

1804 

2914 

38 

17 

55 

7-5 

61-5 

13  J 

32 

H 

60*9 

2127 

4017 

6144 

1055 

2230 

3285 

6*1 

52*9 

ia6 

83 

H 

60-8 

135} 

2170 

4215 

6385 

1098 

2428 

3526 

6-7 

51-5 

19 

80 

oj 

53-7 

195} 

1967 

3851 

5818 

895 

2064 

2959 

11*1 

51*1 

20 

17 

H 

61-1 

76} 

1155 

1831 

2986 

83 

44 

127 

7*1 

63-1 

21 

24 

1! 

60*8 

47 

1533 

2419 

3952 

461 

632 

1093 

3-2 

63-4 

22 

24 

2} 

60*1 

70} 

1553 

2457 

4010 

481 

670      1151 

4*8 

63-2 
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ExPlBUDDfTS  AT  BoTHAMgiSD  OH  9HI  GbOWTH  OV  WhSAT  YxAB 

am  VHE  BAXB  Laio). 


Tub 


Afpbhbix.— Table  XIY.— ?boduob  of  the  13th  Sbabok,  1855-6.   Sbbd  (Red  Borto^) 
sown  November  13, 1855 ;  Crop  cut  August  26,  and  carted  September  8, 1856. 


PlODUCI  FBB  . 

AcRi,  kfi. 

IKCBKAS  nCS  ACBB 

<For  thfl  ICanures  see  pp.  zviii  and  ziz). 

BT  MijnmB. 

Com 

Com 

1 

VMM. 

DreaKdCora. 

mm* - 

Total 

t 

to 

ta 
100 

Weight 

Offal 
Corn. 

Total 
Oorn. 

Strmw 
and 

Prodaoe 
(Corn 

Oorn. 

Straw 
and 

Total 
Prodaoe. 

100 
Dressed. 

Stimw. 

Quantity. 

per 

Chaff. 

and 

Chaft 

• 

. 

Bofbel. 

Stxaw). 

1 

Btub. 

PedES. 

llM. 

llw. 

Ibfl. 

lbs. 

Ibe. 

lbs. 

Ibe. 

Iba.    \ 

0 

.    18 

U 

56*8 

132J 

1179 

1969 

3148 

287 

411 

698  ' 

12'7 

59*9 

1 

17 

^f 

56-8 

1351 

1102 

1933 

3035 

210 

375 

585  1 

14-0 

"57-0 

2 

36 

U 

58-6 

150 

2277 

4317 

6594 

1385 

2759 

4144 

7*1 

62*8 

3 

14 

2 

54-3 

1031 

892 

1558 

2450 

•  • 

• . 

••      1 

13-1 

57*3 

4 

16 

IJ 

55*5 

1151 

1026 

1781 

2757 

134 

178 

307  ' 

12-7 

59*3 

5a 

18 

SI 

56-5 

104| 

1167 

2012 

8179 

275 

454 

729  1 

9*9 

58*0 

•^    56 

20 

l| 

56-2 

1061 

1247 

2122 

3369 

355 

564 

.  919 

9-4 

68-7 

6a 

27 

if 

58*2 

128i 

1717 

8050 

4767 

825 

1492 

2317 

8-1 

66-3 

66 

28 

oi 

58-5 

iiol 

152} 

1755 

8093 

4848 

863 

1535 

2398  i 

6-7 

56-7 

7a 

87 

1 

580 

2312 

4560 

6872 

1420 

8002 

4422  : 

7-1 

50-7 

76 

36 

2i 

57'6 

140f 

2244 

4398 

6642 

1352 

2840 

4192  i 

6-7 

51*0 

8a 

40 

0} 

56*8 

228} 

2507 

5182 

7689 

1(H5 

8624 

5239 

lO'O 

48*4 

86 

a 

87 

»i 

571 

230i 

2400 

5089 

7489 

1508 

8531 

6039 

10-6 

47*2 

9a 

32 

1} 

57-2 

168} 
214} 

2019 

8875 

5894 

1127 

2317 

8444 

9-1 

52*1 

96 

26 

0 

56-3 

1679 

3152 

4881 

1 

787 

1594 

2381 

1 

14«6 

63' 3 

10a 

24 

Of 

65-6 

162} 

1505 

2818 

4323  i 

613 

1260 

1878 

12*1 

53*4 

106 

27 

2| 

57-2 

145 

1727 

8168 

4895 

835 

1610 

2445 

9*2 

54-5 

11a 

31 

3| 

67'3 

173} 

2001 

3517 

5518 

1109 

1959 

8068 

9-5 

56-9 

116 

30 

^1 

57-5 

1831 

1946 

3443 

5389 

1054 

1885 

2939 

1   10*4 

86*5 

12a 

33 

3) 
3| 

58-7 

nil 

2102 

3847 

5949 

1210 

2289 

8499 

5*6 

54*7 

126 

32 

58*8 

145} 

2079 

3725 

5804 

1187 

2167 

8354 

7-5 

55-8 

13a 

32 

ll 

58*6 

138 

2036 

3743 

5779 

1144 

2186 

8329 

7*3 

54*4 

136 

30 

^ 

58-9 

193 

2008 

3651 

5C59 

1116 

2098 

3209 

10«6 

55*0 

14a 

35 

o| 

58*6 

140} 

2195 

4202 

6397 

1308 

2644 

3947 

6*9 

59-2 

146 

84 

^f 

59«0 

145 

2162 

4117 

6279 

1270 

2559 

8829 

7*2 

52*5 

15a 

30 

0* 

59«1 

142} 

1923 

3521 

5444 

1031 

1968 

2994 

8-0 

54*6 

156 

32 

0 

59*4 

143} 

2045 

3762 

5797 

1158 

1 

2194 

8347 

1 

7-5 

54-5 

• 

16a 

38 

o| 

58-5 

I95f 

2426 

5529 

7955 

1634 

8971 

I 

5506  1 

8*8 

43»9 

166 

37 

3 

58-7 

232} 

2460 

5467 

7917 

1558 

8909 

5467  ; 

1 

10-5 

44*8 

17a 

31 

21 

59*0 

116f 

1983 

8568 

6541 

1091 

2000 

3091 

6-3 

65-7 

176 

30 

l} 

59*1 

137} 

1935 

3465 

5400  1 

1048 

1907 

2950 

7-7 

55*9 

18a 

17 

3} 

57-8 

107 

1140 

2012 

8152  1 

248 

454 

702 

10*4 

66-7 

186 

18 

0 

57-7 

93} 

1131 

1938 

8069  1 

239 

380 

619 

9*0 

58*3 

19 

32 

1 

58'9 

157} 

2059 

3562 

5621  j 

1167 

2004 

8171 

8«3 

57*8 

20 

17 

0{ 

57'7 

83} 

1075 

1868 

2963 

168 

330 

518 

8*4 

57*0 

21 

22 

1} 

68-0 

98 

1398 

2529 

3927 

506 

971 

1477 

7*5 

55-8  • 

S2 

21 

'* 

57-8 

109} 

1351 

2498 

8849 

1 

459 

940 

1399 

8*8 

54*1 

App.] 
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ExpsBumiTS  AT  BoTHAUffrKD  ON  TBI  Gbowth  OF  Whsai  Tsab  aftbb  Tkab 

ft. 

ON  THE  SAIOB  liANB. 

AifiMBtx.— Tabu  XY.^PBOBaoB  of  Hib  14th  Sbabon,  1856-7.    Ssbd  (Red  Bostock) 
sown  November  6, 1866  ;  Crop  cut  August  13,  and  carted  August  22, 1857. 


t 

jKMMkn  rm 

ACBB 

(For  ihb  Umaati  see  pp.  zTiii  and  xix). 

B¥  Mavubb. 

Offal 

HDm 

Com 

\^/iii 

FUs. 

JimMa  OoRi* 

^* 

Total 

^t 

to 

1  A  A 

to 
100 

Welgbt 

Offal 
Oora. 

Total 
Com. 

Straw 
and 

Produce 
(Com 

Gonu 

Straw 
and 

Total 
Ihnoduce. 

100 

Dressed. 

Straw. 

QoantUy.    I 

per 

Chaff. 

and 

Chaff. 

BiobeL 

Straw). 

Boih. 

PcdDi. 

Ibfl. 

IkB. 

Iba. 

Ilw. 

IbB. 

lbs. 

IhB. 

Iba. 

0 

18 

2i 

59-0 

86} 

1181 

1545 

2726 

-   65 

-   32 

-   87 

7.9 

76-5 

1 

17 

2} 

59-0 

76 

1118 

1532 

2660 

-118 

-   45 

-163 

7-3 

73*0 

s 

41 

Of 

60-4 

98i 

2587 

3323 

5910 

1351 

1746 

3097 

4«0 

77-9 

3 

19 

3f 
If 

58-3 

74* 
67} 

1236 

1577 

2813 

«  • 

•  • 

•  • 

B*4 

78-3 

4 

2S 

58-8 

1386 

1572 

2958 

150 

-     5 

145 

5*1 

88-2 

5a 

S9 

^ 

59*0 

56f 

1409 

1617 

3026 

173 

40 

213 

4-2 

87-2 

56 

24 

2 

58-8 

66f 

1512 

1735 

8247 

276 

158 

434 

4*6 

87*  1 

6a 

35 

If 

59-9 

92} 

2211 

2757 

4968 

975 

1180 

2165 

4-4 

80*2 

9b 

35 

ll 

59-8 

78| 

2193 

2757 

4950  i 

957 

1180 

2137 

3*7 

79-6 

la 

43 

l| 

60-5 

160 

2782 

3680 

6462 

1546 

2103 

3649 

6*1 

75-6 

lb 

46 

u 

60-3 

108} 

2902 

3891 

6793 

1666 

2314 

8980 

3*9 

74-6 

8a 

47 

3 

60*8 

158} 

3058 

4297 

7355 

1822 

2720 

4542 

5*6 

71-2 

86 

48 

8J 

60-6 

169} 

3129 

4450 

7579  1 

1893 

2873 

4766 

5-7 

70-3 

9a 

48 

3 

60' 1 

135 

2767 

8867 

6634 

1 

1531 

2290 

3821 

5*1 

71-6 

«6 

86 

Of 

58-0 

121f 

2220 

2983 

5203 

984 

1406 

2390 

6-8 

74-4 

lOa 

29 

0} 

58*0 

195f 

1816 

2392 

4208  ! 

580 

815 

1396 

7-4 

75-9 

106 

34 

2 

58-6 

163} 

2185 

2875 

5060  ' 

949 

1298 

2247 

8-1 

76-0 

Ua 

39 

0 

58*5 

150 

2432 

2943 

6375 

1196 

1366 

2562 

6*6 

82-6 

116 

39 

Of 

58-0 

121f 

2397 

2920 

6317 

1161 

1343 

2604 

5-4 

82*1 

12d 

43 

3} 

60-4 

100 

2747 

3647 

6394 

1511 

2070 

3681 

3«8 

75-3 

li6 

43 

2 

60-4 

104} 

2729 

3583 

6312 

1493 

2006 

3499 

4*0 

76-2 

18a 

42 

3 

60-6 

122} 

2714 

8707 

6421 

1478 

2130 

3608 

4*7 

73-2 

136 

43 

2 

60-5 

108} 

2739 

3647 

6386 

1503 

2070 

3573 

4*1 

76-1 

14a 

43 

3 

60*5 

134} 

2781 

3658 

6439  < 

1545 

2081 

3626 

51 

76-0 

146 

42 

8| 

60*3 

113} 

2699 

3652 

6351 

1 

1463 

2075 

3538 

4-4 

73-9 

15a 

42 

u 

60-4 

125f 

2681 

8687 

6368 

1445 

2110 

3655 

4-9 

72' 7 

156 

44 

If 

60«0 

96f 

2765 

3778 

6543  1 

1529 

2201 

3730 

3-6 

73-2 

16a 

43 

3} 

60*6 

175 

3131 

4688 

7814 

1895 

310S 

5001 

6*9 

66*9 

166 

50 

0 

60*5 

169} 

3194 

4703 

7897 

1958 

312S 

5084 

'     6*6 

1 

67*9 

17a 

26 

2 

59' 1 

66f 

1642 

2058 

8700 

406 

481 

887 

4-2 

79 '8 

176 

25 

3 

58-8 

59: 

1583 

1940 

8623 

347 

363 

710 

3-9 

81*6 

IBa 

41 

^ 

59-7 

114 

2566 

3443 

6009 

1330 

1866 

3196 

4*7 

74«5 

186 

40 

0} 

59-8 

124} 

2519 

3365 

5884 

1283 

1788 

3071 

5*2 

74-9 

It 

41 

2} 

59*5 

123} 

2600 

3193 

5793 

1364 

1616 

2980 

6-0 

81*4 

SO 

19 

»f 

58*4 

69} 

1213 

1564 

2777 

-  23 

-   13 

-  36 

6*5 

77*6 

SI 

24 

0 

60*6 

81f 
87} 

1538 

1815 

3353 

302 

238 

640 

5*6 

84-8 

SS 

23 

0) 

60*6 

1491 

1807 

3298 

255 

230 

485 

6*2 

82*5 
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ExPEBnnsirrs  at  Rothavsted  on  ths  Gbowth  of  Whkat  Tkab  attkb  Teab 

ON  THI   SAME  LaND. 

Appexdik. — Table  XYL-^Fboditce  of  the  15Tja  Season,  1857-8.  Seed  (Bed  Bostock) 
sown  November  3  and  11, 1857 ;  Crop  cut  August  9,  and  carted  August  20, 1858. 


Pbodvcb  m  Acu^  kc          * 

Ikcbsabb  pb  Acbb 

(For  the  MMuirai  see  pp.  xTili  and  zix> 

BT  MailDBB. 

OOal 

Oacn 

to 

Oom 
to 

104 

Plots. 

DrcMod  Corn. 

^i*  ■- 

Total 

t^M.^ 

1 

Weight 

Offal 
Corn. 

Total 
Com. 

Straw 
and 

Prodaoe 
(Ooni 

Corn. 

Straw 
and 

Total 
I'Yodooe. 

100 
Drased. 

Slrav. 

Quantity.  | 

per 

Chaff. 

and 

Cliaff. 

BuBheU 

SUiw). 

Bu8h. 

PMkB. 

lbs. 

Ibe. 

IbOL 

lbs. 

lbs. 

Ihe. 

Iba. 

lbs. 

0 

20 

3 

61*2 

6U 

1332 

1902 

3234 

191 

232 

423 

4*6 

70«0 

1 

16 

u 

60-7 

64i 

1055 

1630 

2685 

-  86 

-  40 

-126 

6-5 

64-7 

2 

38 

3t 

62-6 

82| 

2512 

3837 

6349 

1371   2167 

3538 

3*4 

65*5 

3 

18 

0 

60*4 

,    52 

1141 

1670 

2811 

•  • 

• . 

• . 

4-8 

68*3 

4 

19 

oj 

61-1 

36f 

1206 

1673 

2879 

•  65 

3 

68 

3*1 

72*  1 

5a 

1  18 

2! 

61-5 

35 

1187 

1532 

2719  ' 

46 

-138 

"   92 

8*0 

77-5 

66 

19 

1 

61*4 

45 

1227 

1643 

2870  1 

86 

-  27 

59 

3-8 

74*7 

6a 

28 

H 

62-1 

38t 

1818 

2577 

4395  ; 

677 

.  907 

1584 

2*3 

70-6 

66 

1  29 

o} 

62-1 

1850 

2713 

4563  , 

709 

1043 

1752 

21 

68-2 

7a 

38 

2| 

61-9 

65 

2450 

3965 

6415 

1309 

2295 

3604 

2-7 

61*8 

76 

39 

2i 

62-3 

68 

2530 

4092 

6622 

1389 

2422 

3811 

2-8 

61-8 

Sa 

1  41 

3f 
3} 

61'8 

86f 

2680 

4667 

7347 

1539 

2997 

4536 

3*3 

67-4 

66 

41 

61-7 

94J 

2675 

4667 

7342. 

1534 

2997 

4531 

3*7 

57*3 

9a 

i  S7 

2J 

60*8 

100 

2384 

4317 

6701  ' 

1243 

2647 

3890 

4*4 

55-2 

96 

1  23 

1 

2 

58*8 

88 

1470 

2688 

4158  • 

1 

329 

1018 

1347 

6-4 

54*7 

10a 

22 

3J 

59*6 

75f 

1439 

2130 

1 
3569 

298 

460 

758 

5*6 

67-6 

106 

27 

3 

61*4 

70} 

1775 

2615 

4390 

634 

945 

1579 

4-1 

67-9 

11a 

30 

H 

60*5 

I08f 

1977 

2797 

4774  1 

836 

1127 

1963 

5-8 

70-7 

116 

33 

oi 

60*4 

104 

2099 

3018 

5117 

958 

1348 

2306 

5*2 

69*6 

12a 

37 

3f 

62*1 

78f 

2437 

8663 

6100 

1  1296 

1993   3289 

3-3 

66*5 

126 

37 

Of 

62*1 

76i 

2387 

3673 

6060 

•  1246 

2003   3249 

3-3 

65*0 

ISa 

37 

Of 

62*1 

72 

2384 

3693 

6077 

>  1243 

2023 

3266 

3-1 

64*6 

'  136 

37 

0 

62-7 

66f 

;2397 

3677 

6074 

'  1256 

2007 

3263 

2*9 

65*2 

14a 

37 

3* 

62*1 

6i>f 

2413 

3737 

6150 

1272 

2067 

33.39 

2*8 

64-6 

146 

88 

IJ 

62-0 

6ii: 

:2436, 

3710 

6146 

1295 

2040 

3335 

2-6 

65-8 

15a 

85 

1} 

62*6 

70f 

•2285 

3515 

5800 

1144 

1845 

2989 

3*2 

65-0 

156 

37 

2 

62-8 

81f 

2436 

3698 

6134 

1295 

2028 

3323 

3-5 

65*9 

16a 

41 

3 

62*1 

106f 

2702 

4797 

7499 

;  1561 

3127 

4688 

4-1 

66*3 

166 

42 

OJ 

621 

99} 

2717 

4813 

7530 

1  1576 

1 

3143 

4719 

3*8 

56*5 

17a 

88 

If 

62*5 

66f 

2150 

3203 

5353 

1  1009 

1533 

2542 

3*2 

67-1 

176 

33 

8i 

62*5 

65f 

2181 

3274 

5455 

1  1040 

1604 

2644 

31 

66*6 

18a 

i  22 

3f 

62*3 

41f 

1472 

2008 

3480 

331 

338 

669 

I  2*9 

733 

186 

,  20 

1 

2f 

62-4 

49i 

1338 

1967 

3305 

197 

297 

494 

3-8 

68-0 

19 

33 

H 

62*5 

93} 

2177 

3185 

5362 

1036 

t 

1515 

2551 

'  4*5 

68*3 

20 

1  17 

0 

60-3 

63} 

1089 

1730 

2819 

-  52 

60 

8 

6-2 

65*0 

21 

1  ^ 

If 

61-5 

70} 

1574 

2373 

3947 

433 

703 

1136 

1  4-8 

66*3 

22 

22 

0 

61'5 

1 

58} 

1412 

2180 

3592 

271 

510 

781 

I  4*3 

1 

64-8 
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ExpKBnreNis  at  Bothami^tsd  on  thk  Qbowth  of  Whbat  Ybae  avuru  Tsab 

OK  THB   BAKB  LaND. 

m 

Appsnbiz. — ^Tablb  XVlI. — Pboducb  of  the  16th  Season,  1868-9.     Seed  (Red  Ros- 
tock) sown  Kovember  4,  1858  ;  Crop  cut  August  4,  and  carted  August  20,  1859. 


PwnmcE  PER  Acbb;  &c.       * 

I2ICRXA8B  PBB 

ACBX 

• 

(For  tlie  Ifaawea  tee  pp.  zvUi  and  xix). 

BT  HaXURK. 

Offal 
Oom 

Com 

A.A 

nota. 

DreMedOora. 

8tnw 
and 

Total 

Froduoe 

(Oom 

Straw 
and 

to 

to 
100 

Wdi^t 

Offol 
Gorn. 

Total 
Coin. 

Coin. 

Total 
Produce. 

100 
Dreased. 

straw. 

Quanttty. 

per 
Baabei 

^^^r***» 

Cbaff. 

and 
straw). 

Cbaff. 

Boih.  Pecks. 

Iba. 

lbs. 

Iba. 

Iba. 

Ibe. 

Iba. 

Iba. 

Ibtk 

0 

21       2} 

54*0 

881 

1254 

2310 

3564 

203 

135 

338 

7-6 

54*3 

I 

19       3 

56*0 

101 

1189 

2300 

3489 

138 

125 

263 

9<3 

51-7 

2 

36       Of 

56-6 

21 8i 

2268 

4810 

7073 

1212 

2635 

3847 

10-7 

47*1 

3 

18       U 

52'5 

88| 

1051 

2175 

3226 

• . 

• . 

•  • 

9*2 

48*3 

4 

19       Of 

56*0 

131} 

1188 

2230 

3418 

137 

55 

192 

12*5 

53  3 

Sa 

20       2i 

56*0 

123} 

1277 

2323 

3600 

226 

148 

374 

10-7 

55*0 

56 

20       2i 

66-0 

118i 

1273 

2393 

3666 

222 

218 

440 

10*2 

53*2 

6a 

29       2i 

56-5 

Id3i 

1808 

3747 

5555 

757 

1572 

2329 

8-0 

48-3 

66 

30       0| 

56*6 

153} 

1855 

3853 

5708 

804 

1678 

2482 

9-0 

48*1 

7a 

34       2f 

55'9 

158} 

2097 

4677 

6774 

1046 

2502 

3548 

8-2 

44*9 

76 

34       2i 

55*9 

155 

2U89 

4803 

6892 

1038 

2628 

3666 

8*0 

43*5 

8a 

84       3i 

54-0 

186} 

2068 

5353 

7421 

1017 

3178 

4195 

9*9 

38*6 

86 

84       0} 

53-4 

181} 

2007 

5597 

7604 

956 

3422 

4378 

lO'O 

35*9 

-  9a 

30       0 

54-5 

170} 

1806 

5270 

7076 

755 

8095 

3850 

10-5 

34*3 

96  ' 

24       2} 

50' 5 

170 

1412 

3590 

5002 

361 

1 

1415 

1776 

13-7 

39*3 

lOa 

18       8i 

51<5 

230 

1207 

2730 

3937 

156 

555 

711 

23*5 

44*2 

106 

25       8 

52*5 

160 

1500 

3420 

4920 

449 

1245 

1694 

11*9 

43*9 

Ua 

26       Si 

51-4 

248} 

1628 

3527 

5155 

577 

1352 

1929 

18*0 

46-2 

116 

27       3i 

51*3 

274} 

1698 

3577 

6276 

647 

1402 

2049 

19-3 

47*5 

]2a 

34       2} 

64-5 

170} 

2060 

4550 

6610 

1009 

2375 

3384 

9'0 

45«3 

126 

34       3^ 

54*8 

206} 

2115 

4743 

6858 

1064 

2568 

3632 

10-9 

44*6 

13a 

34       Of 

55-0 

155} 

2037 

4737 

6774 

986 

2562 

3548 

8*3 

43-0 

136 

34       3} 

55*0 

168} 

2087 

4807 

6894 

1036 

2632 

3668 

8-8 

43*4 

14a  , 

34       If 

54*5 

175} 

2054 

4763 

6817 

1003 

2588 

3591 

9*4 

43*1 

146 

84       2}. 

54-5 

188} 

2074 

4700 

6774 

1023 

2525 

3548 

lO'O 

44*1 

t5a 

34      Of 

55*0 

171} 

2053 

4773 

6826 

1002 

2598 

3600 

9-1 

43  0 

156 

85       0| 

550 

165 

2095 

4993 

7088 

1044 

2818 

3862 

8*6 

42-0 

16a 

34      3} 

52*6 

189} 

2026 

5927 

7953 

975 

3752 

4727 

10-3 

34*2 

166 

34       If 

52-6 

193 

2005 

5793 

7798 

954 

3618 

4572 

10*7 

34*6 

17a 

21       U 

550 

73} 

1247 

2483 

3730 

196 

808 

504 

6-3 

50-2 

176 

19       8 

54*5 

90 

1168 

2373 

3541 

117 

198 

315 

8-3 

49*2 

18a 

82       3} 

55*5 

153} 

1973 

4533 

G506 

922 

2358 

3280 

8*4 

43*5 

186 

32       2 

56-0 

158} 

1980 

4650 

6630 

929 

2475 

3404 

8-7 

42-6 

19 

30      2 

55-5 

211} 

1903 

4023 

5926 

852 

1848 

2700 

12*5 

47*3 

20 

17       8} 

52*5 

102} 

1039 

2217 

3256 

-12 

42 

30 

11-0 

46*9 

21 

26       li 

54*0 

115} 

1538 

3185 

4723 

487 

1010 

1497 

8-1 

48*3 

22 

24   m 

1 

550 

130 

1460 

2980 

4440 

409 

805 

1214 

9*8 

49*0 

zxyui 


Rupert 


[Afp. 


ExnuBoaons  at  Bothajcstsd  ok  tbm  Obowth  of  Whbat  Ys4b  ASTEa  Ysas 

OK  THB  SAKS  LaNP* 

Appendix.— Table  XVIII.-— Produce  of  the  17th  Season,  1859-60.    Seed  (Red  - 
Bostock)  sown  November  17,  1859 ;  Crop  cut  September  17  and  19,  and  carted 
October  5, 1860. 


Pboddcb  ns . 

Agbb,Ik 

* 

Itf GBKAM  m  ACU 

(For 

the  Mamiree  we  pp.  zviii  and  six). 

.  BT  Mahjsb. 

Oom 

Corn 

%^%r  •  ■■ 

Floto. 

DrevedOoriL 

^mm  --    _ 

Total 

to 

to 

IfNI 

Weight 

OflU 
Com.* 

Total 
CmL 

Straw 
and 

Produoa 
(Oom 

Oom. 

Straw 
and 

Total 

100 
DnMed. 

Stnw. 

QiuuiUty. 

per 
BnsheL 

vnmwa^ 

Cbali: 

and 

Straw). 

Chaff. 

Baib.  PMks. 

lbs. 

Um. 

Ibe. 

lbs. 

tta. 

Um. 

Ibe. 

lbs. 

0 

14   U 

53-5 

611 

826 

1445 

2271 

88 

-14 

74 

8-0 

57  2 

1 

12  li 

52'8 

61 

717 

1380 

2097 

-21 

-79 

-100 

9-3 

52-0 

2 

32   1} 

55-5 

72J 

1864 

3440 

5304 

1126 

1981 

3107 

!  4-1 

54-2 

3 

12   3i 

52*6 

62i 

738 

1459 

2197 

•  • 

•  • 

• . 

9-3 

50-6 

4 

14   2 

53-0 

73} 

832 

1520 

2352 

94 

61 

156 

9'7 

54-7 

5a 

15   2{ 

54-0 

561 

903 

1580 

2483 

166 

121 

286 

1 

6-7 

57-2 

56 

16   0 

63-1 

78 

935 

16G0 

2595 

197 

201 

396 

9*1 

56-3 

6a 

21   0} 

53-7 

761 
88} 

1210 

2183 

8393 

472 

724 

1196 

6*8 

55' 6 

66 

22   3} 
27   3} 

54-2 

1326 

2393 

3719 

688 

934 

1522 

1  7'1 

55-4 

7a 

54-3 

98} 

1612 

8003 

4615 

874 

1644 

2418 

6*6 

53-7 

75 

27   21 

64-3 

102 

1597 

3137 

4734 

859 

1678 

2637 

6-8 

50-9 

8a 

30   3 

52-8 

183} 

1759 

3880 

5639 

1021 

2421 

3442 

8*2 

45-8 

86 

31   2i 

52*3 

129} 

1787 

3813 

5600 

1049 

2354 

3408 

7-8 

46*9 

9a 

32   2i 

51-5 

176| 

1858 

4777 

6635 

1120 

8318 

4438 

ie«5 

88-9 

96 

19   2} 

48*5 

205 

1155 

3130 

4285 

417 

1671 

2088 

21*6 

36-9 

10a 

15   0} 

49-5 

155 

905 

2218 

3118 

167 

754 

921 

20-7 

40-9 

106 

18   2| 

51-0 

111} 

1060 

2360 

3420 

322 

901 

1223 

11*8 

44*9 

\\a 

22   1} 

610 

128} 

1270 

2503 

3773 

532 

1044 

1576 

11*2 

50-8 

116 

22   li 

51*2 

161} 
146} 

1307 

2693 

4000 

569 

1234 

1808 

14-1 

48*5 

12a 

28   0 

53*4 

1648 

3230 

4878 

910 

1771 

2681 

9-8 

sro 

126 

26   2} 

63«5 

155 

1577 

3087 

4664 

839 

1628 

2467 

10'9 

51-1 

13a 

26   Of 

54-3 

154} 

1575 

2993 

4568 

837 

1534 

2371 

10*9 

52*6 

136 

1  27    oi 

53-8 

139 

1600 

3037 

4637 

862 

1678 

2440 

9-5 

52'7 

14a 

27   l| 

53-7 

114} 

1583 

3053 

4636 

846 

1594 

2439 

7-8 

51-9 

146 

27   Ot 

53*2 

121} 

1563 

3103 

4666 

825 

1644 

2469 

8-5 

60-4 

15a 

25   1} 

53-8 

146 

1510 

2877 

4387 

772 

1418 

2190 

10-7 

62-5 

166 

28   0 

54*0 

100} 

1614 

3090 

4704 

876 

1631 

2507 

6*7 

1 

52-2 

16a 

32   2 

52«0 

165 

1856 

4117 

5978 

1118 

2658 

8776 

i 

9*8 

45-1 

166 

32   3 

61'7 

193} 

1889 

4207 

6096 

1151 

2748 

3899 

1  11-4 

1 

44*9 

17a 

24   0| 

54*1 

107} 

1409 

2700 

4109 

671 

1241 

1912 

8-3 

52*2 

176 

26   1 

54*3 

114 

1648 

2970 

4518 

810 

1611 

2321 

8*0 

52-1 

18a 

15   1 

54*6 

94} 

929 

1720 

2649 

191 

261 

452 

'  11'3 

54-0 

186 

16   1} 

64*6 

73} 

963 

1743 

2706 

225 

284 

509 

1  8*3 

L 

55*3 

19 

24   0) 

53-0 

158 

1435 

2743 

4178 

697 

1284 

1981 

t 

12«4 

52*3 

20 

12   0} 

61*6 

99} 

722 

1433 

2155 

-16 

-26 

-42 

16*0 

50*4 

21  1 

15   2 

52*5 

78 

893 

1746 

2639 

155 
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fiEFBBIMBm  AT  BoTtUMSTBD  ON  THB  GbOWTH  OV  WhSAT  YbAB  AVTRB  YsAB 

ON  THB  BAHB  LaND. 

Arbkdix.— TABta  X]X.-*Fiioducb  of  the  18th  SsAflOK,  1860-1.   Seed  (Bed  Bostock) 
sown  HoTember  6,  I860 ;  Crop  cut  August  20,  and  carted  Auguat  27, 1861. 
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EXPXBIMBMTS  AT  BOTHAMSTBD  ON  THK  GbOWTU  OF  WhSAT  TbAB  AFTBB  TxAS 

ON  TRB  8AXB  LanD. 

Appendul—Tablb  X^ — Pboduce  of  the  19th  Season,  1861-2.    Seed  (Bed  Rostock) 
sown  October  26, 1861 ;  Crop  cut  August  29,  and  carted  September  12, 1862. 
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HXFKBZHIHTS  AT  BOTHAMSTBD  ON  THH  QbOWTH  OJ  WbBAT  YbAB  ATTBB  YsAB 

ON  THB  SAMB  LanD. 

Apfsndez.— Table  XXI.—- Pboduce  of  the  20th  Season,  1862-3.  Seed  (Red  Bostock) 
sown  November  17, 1^62  ;  Crop  cut  August  10,  and  carted  August  18, 1863. 
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EXFBBIHEKTS  AT  BOTHAMBTBD  OK  THX  GROWTH  OT' 

Appendix. — ^Table  XXIL — ^Dbesbbd  Ckna^i 
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3 

59*5 

55-5 

58-8 

61-1 

55-0 

53^0 

58-0 

58*5 

62*8 

58-7 

57-2 

4 

59*9 

56*6 

59-0 

61-5 

56-0 

54*0 

59*1 

59  0 

63*0 

59*  1 

67»9 

5a 

60-1 

56«2 

58*8 

61-4 

56-0 

53-1 

59*0 

59-0 

63*0 

69*0 

57*8 

56 

60- 8 

58*2 

59-9 

62*1 

56*5 

53^7 

69*5 

59-5 

62*3 

59*6 

58-6 

6a 

60-9 

58*6 

59-8 

62-1 

56-5 

54-2 

59*4 

59-8 

62-3 

59-5 

58-7 

66 

59-4 

580 

60*5 

61-9 

65*9 

54-3 

59-0 

59-3 

62-6 

59-5 

58-4 

7a 

59*5 

57-6 

60-3 

62-3 

55*9 

54-3 

68*9 

69-6 

62-5 

59-4 

58-3 

lb 

58-8 

56-8 

60-8 

61-8 

,54*0 

52*8 

58-3 

59*2 

62-3 

58*9 

57-8 

8a 

58-7 

57-1 

60*6 

61-7 

53*4 

52-3 

58*5 

59-0 

62*3 

59-1 

57-8 

86 

583 

57-2 

60- i 

60*8 

54*5 

51-5 

56-8 

59-5 

62-1 

58*4 

57*1 

9a 

57-3 

56-3 

58-0 

58*8 

50*5 

48*5 

53-9 

56-3 

62-5 

57-7 

55-4 

96 

57-1 

55-6 

58-0 

59-6 

51-5 

49-5 

56*0 

56-5 

62-6 

57-8 

55*9 

10a 

58*9 

57-2 

58-6 

61*4 

52-5 

51-0 

.W*5 

57-5 

62*8 

58-6 

57-0 

106 

55-3 

57-3 

58*5 

60*5 

51-4 

51*0 

55-3 

58-0 

62-5 

58-3 

56-4 

11a 

56-3 

57-6 

58-0 

60-4 

51*3 

51-2 

55*8 

58-0 

62-1 

58-3 

56*6 

116 

59-5 

58-7 

60-4 

62-1 

54-5 

53*4 

68*1 

68*0 

62*  1 

59-4 

58*2 

12a 

60*2 

58-8 

60*4 

62- 1 

54-8 

53-5 

58-7 

58*0 

62-2 

59*5 

58*3 

126 

59-9 

58*6 

60-6 

62-1 

65-0 

54-8 

59*9 

58-0 

62-6 

59-6 

58*6 

13a 

60*4 

58-9 

60-5 

62*7 

55-0 

53-8 

60-0 

58-0 

62-5 

69-7 

58-6 

136 

60-0 

58*6 

60-5 

62-1 

54-5 

53*7 

59-1 

58*0 

62-5 

59-6 

58-3 

14a 

60<0 

590 

6U-3 

62-0 

64-5 

53*2 

59*3 

58*1 

62*5 

59-6 

58*4 

146 

60-0 

59*1 

60-4 

62*6 

55*0 

53*8 

60-0 

58-3 

62*5 

59*7 

58-6 

15a 

80*6 

59-4 

60-0 

62*8 

55-0 

54-0 

60-2 

• 

58-3 

62*9 

69-7 

58-7 

156 

58*2 

58*5 

60*5 

62-1 

52-6 

52*0 

58-0 

58*0 

62*4 

59-2 

57*6 

16a 

58*2 

58«7 

60-5 

62*1 

52*6 

51-7 

58-6 

0 

57-5 

62*3 

59-1 

57*6 

166 

60-8 

69-0 

59*1 

62-5 

55-0 

54-1 

59-3 

58-1 

62*8 

59-5 

I  58*0« 

/17a 

/18a 
\186 

60*3 

59-1 

58-8 

62-5 

54-5 

54*3 

59*1 

58-1 

62-8 

59-4 

60*9 

67'8 

59-7 

62*3 

55*5 

54  5 

59-6 

58*5 

62-6 

59-7 

j  58-7* 

60-8 

57-7 

59*8 

62-4 

560 

54*6 

59*5 

58*5 

62-8 

59*6 

58-7 

58-9 

59*5 

62-5 

55*5 

53-0 

58*8 

57*2 

62-9 

59-2 

58*1 

19 

611 

57-7 

58*4 

60-3 

52*5 

51*5 

57-9 

57*3 

62-5 

57-7 

57-0 

20 

60-8 

58-0 

60*6 

61*5 

54*0 

62*5 

58-2 

58*1 

62-5 

58-2 

57-9' 

21 

60*1 

57-8 

60-6 

61*5 

55*0 

53*8 

58-5 

58-0 

62-4 

58*1 

57-8 

1 

22 

*  The  tLrermg^  given  for  Plots  17  is  that  of  12  years  miiieiid  manure  succeeding  ammonia^alts 
(Ploti  17  or  18) ;  and  that  giren  fi>r  Plots  18,  of  12  years  ammonia^alto  sucooeding  the  mineral 
mMmre  (PloU  17  or  18). 
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Report  of  Experiments  on  the  Growth  of  WheoA.  [ App- 

EXPSBIMEHTS   AT  BOTHAKSTBD  ON  THE  GbOWTB  OF 

Appendix. — ^Tablb  XXIV. — ^Totai*  Gobk, 


Habtbstb. 

Kioto. 

1844.* 

1845. 

1846. 

1847. 

1848. 

1849. 

1850. 

186L 

1852. 

180S. 

18§4. 

itiL 

lbs. 

Ibn. 

lbf>. 

Ibfl. 

lbs. 

Ib«. 

Ib«. 

lbs. 

Its. 

lbs. 

0 

1228 

1967 

1906 

2031 

1259 

•  • 

1220 

1296 

919 

599 

1672 

1 

1040 

1689 

1509 

2119 

1124 

•  • 

•  • 

1251 

825 

404 

1529 

2 

1276 

1967 

1826 

1981 

1705 

2068 

1861 

2049 

1716 

1120 

2675 

3 

923 

1441 

1207 

1123 

952 

1229 

1002 

1083 

860 

359 

1359 

4 

888 

1879 

1777 

1780 

1583 

2063 

1785 

1919 

870 

446 

1521 

5a 

956  1 

1431  / 
1732 

1305\ 
1827 
1598\ 
2076/ 

1921 
2132 

1911 
1932 

2446 
2651 

1974 
2018 

2473 
2611 

1088 
1065 

587 
611 

1578 
1532 

6a 

1  *964 

1871 

1400 

1663 

1672 

2410 

I960 

2271 

1288 

978 

2186 

66 

1967 

1632 

1737 

2484 

1980 

2119 

1300 

1072 

2239 

7a 

1  984 

1682  1 

1534 

1834 

1936 

2576 

2134 

2524 

1615 

1369 

2950 

76 

2163 

1682 

1963 

2531 

2112 

2532 

1643 

1357 

2944 

8a 

\    980 

1716  1 

1549 

2115 

1263 

1481 

1856 

1786 

1699 

1346 

3065 

86 

1988 

2020 

1267 

2080 

1948 

1863 

1651 

1425 

3208 

9a 

96 

[  1280 

2131 

1614 

H4771 
11755 

1181 

2035 

1951 

2142 

1591 

691 

2456 

1 

1942 

1717 

1669 

1475 

1762 

1970 

1509 

649 

2480 

10a 

\   1008 

1980  1 

1850 

1702 

1334 

2141 

1721 

1966 

1320 

642 

2211 

106 

1216 

1705 

1604 

2157 

1171 

1937 

1343 

896 

2535 

11a 

i  1116 

1880  < 

1628 

2044 

1984 

2317 

2001 

2216 

1472 

1015 

2859 

116 

2055 

1941 

1641 

2149 

1940 

2163 

1387 

1073 

2756 

12a 

1  1004 

1842  1 

1661 

1953 

1938 

2396 

1935 

2234 

1503 

1283 

2966 

126 

1955 

1796 

1717 

2277 

2013 

2203 

1492 

1375 

2939 

Ida 

\   1072 

1558  { 

1660 

1959 

1955 

2340 

2027 

2102 

1480 

1341 

2913 

136 

1998 

1801 

1730 

2346 

1964 

2083 

1476 

1396 

2858 

14a 

1  1016 

1743  1 

1605 

1944 

1834 

2266 

2023 

2120 

1507 

1322 

2946 

146 

1812 

1856 

1726 

2123 

1995 

2121 

1530 

1347 

2863 

15a 

1  1096 

2103  1 

2112 

2214 

1671 

2109 

1693 

1839 

1451 

1143 

2801 

156 

1861 

2140 

1607 

2005 

1942 

2077 

1520 

1351 

2810 

16a 

\   1304 

2028  1 

1592 

1959 

1973 

2254 

2134 

2499 

1794 

1496 

3230 

166 

2019 

2283 

1948. 

2268 

2159 

2501 

1700 

1537 

3293 

n7a 

j  1240 

2093  1 

2241 

2222 

1933 

2316 

1985 

2149 

1577 

520 

2948 

,176 

2034 

2314 

1946 

2259 

1961 

2079 

1520 

539 

2732 

)l8a 

I  1368 

2048  1 

2048 

2160 

1734 

2163 

1934 

2083 

869 

nil 

1.526 

ll86 

1474 

2029 

1804 

2243 

1845 

2090 

921 

1256 

1511 

19 

1580 

2114 

1889 

2195 

1838 

1994 

1850 

2031 

1582 

1160 

2666 

• 

20 

■  • 

1495 

a  • 

1332 

1050 

.  • 

868 

956 

875 

425 

1445 

21 

•  • 

• . 

•• 

■  • 

.  • 

*  • 

•  • 

1232| 

1177 

753 

2030 

22 

•  • 

•  • 

.  . 

•  m 

■ . 

• . 

t  • 

1176 

592 

1994 

'  See  foot-note  No.  5,  to  Appendix  Table  I.  p.  iii. ' 

'  For  Plots  0,  1,  20,  21,  and  22,  the  ayeiages  are  for  only  19,  18,  17,  13,  and  13  yoan 
respectively. 

'  On  Plots  17  and  18  the  mannres  hare  alternated  daring  the  last  12  years;  that  is,  ammonia- 
salts  on  Plots  17,  and  the  mixed  mineral  manure  on  Plots  18,  in  one  year;  mineral  manure  on 
Plots  17,  and  ammonia-salst  on  Plots  18,  in  the  next  year,  and  so  on. 
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BUsYXsm. 

AVUAOS. 

Of 

oriAsfc 

Plots. 

ItM. 

1856. 

lBff7. 

1856. 

1869. 

186a 

ISO. 

1882. 

1868. 

1844-63. 

1852.63. 

Oh. 

Uw. 

llM. 

Um. 

J  U"- 

lbs. 

lbs. 

•  lb,. 

Ibt. 

Ibe. 

lbs. 

1096 

1179 

1181 

1332 

1254 

826 

1001 

1228 

1429 

1296 

1143 

0 

1179 

1102 

1118 

1055 

1189 

717 

828 

1024 

1334 

1169 

1025 

1 

\  ssa? 

2277 

2587 

2512 

2263 

1864 

2202 

2447 

2886 

2076 

2232 

2 

107^ 

892 

1236 

1141 

1051 

738 

736 

996 

1127 

1026 

964 

3 

1168 

1026 

1386 

1206 

1188 

832 

863 

1049 

1303 

1327 

1072 

4 

1157 

1167 

1409 

1187 

1277 

903 

1047 

1119 

1283 

1422 

1146 

5a 

1143 

1247 

1512 

1227 

1273 

935 

1082 

1101 

1296 

1495 

1169 

56 

1753 

1717 

2211 

1818 

1808 

1210 

1755 

1715 

2522 

1759 

1747 

6a 

1811 

1755 

2193 

1850 

1855 

1326 

1818 

1797 

2534 

1815 

1796 

66 

S084 

2312 

2782 

2450 

2097 

1612 

2263 

2200 

3477 

2121 

2268 

7a 

3138 

2244 

2902 

2530 

2089 

1597 

2183 

2265 

3507 

2152 

2283 

76 

1909 

2507 

3058 

2680 

2068 

1759 

2290 

2477 

3668 

2064 

2377 

8a 

2153 

2400 

3129 

2675 

2007 

1787 

2190 

2452 

3559 

2125 

2386 

86 

193S 

2019 

2767 

2384 

1806 

1858 

2162 

2688 

8576 

1991 

2161 

9A 

1605 

1679 

2220 

1470 

1412 

1155 

909 

1641 

2723 

1670 

1621 

91 

1985 

1505 

1816 

1439 

1207 

905 

854 

1457 

2587 

1547 

1435 

10a 

18U5 

1727 

2185 

1775 

1500 

1060 

1033 

1600 

2858 

1655 

1693 

106 

ISIO 

2001 

2432 

1977 

1628 

1270 

1455 

1706 

2979 

1860 

1834 

Ha 

1580 

1946 

2397 

2099 

1698 

1307 

1578 

1734 

3060 

1875 

1885 

116 

1940 

2102 

2747 

2437 

2060 

1648 

2009 

2096 

3533 

2064 

2194 

12a 

2172 

2079 

2729 

2387 

2115 

1577 

2144 

2025 

3454 

2065 

2207 

126 

1924 

2036 

2714 

2384 

2037 

1575 

2168 

1953 

3453 

2032 

2165 

Iba 

2110 

2008 

2739 

2397 

2087 

1600 

2304 

2019 

3439 

2049 

2203 

136 

1954 

2195 

2781 

2413 

2054 

1583 

2125 

1886 

3627 

2042 

2191 

14a 

2158 

2162 

2699 

2436 

2074 

1563 

2173 

2008 

3450 

2043 

2205 

146 

2030 

1923 

2681 

2285 

2063 

1510 

2188 

1872 

3114 

1989 

2088 

I5a 

2193 

2045 

2765 

2436 

2095 

1614 

2249 

2029 

3127 

2053 

2186 

156 

2100 

2426 

3131 

2702 

2026 

1856 

2338 

2225 

3710 

2239 

2420 

16a 

2116 

2450 

3194 

2717 

2005 

1889 

2432 

2233 

3607 

2284 

2431 

166 

1227 

1983 

1642 

2150 

1247 

1409 

1229 

1747 

1370 

1761 

}  n8H{ 

17a) 

1110 

1935 

1583 

2181 

1168 

1548 

1166 

1685 

1389 

1724 

176  , 

2127 

1140 

2566 

1472 

1973 

929 

2050 

1168 

3C06 

1774 

2054  « 

18a 

2170 

1131 

2519 

1338 

1980 

963 

2122 

1195 

3009 

1751 

186j 

4 

1967 

2059 

2600 

2177 

1903 

1435 

2107 

1479 

3054 

1984 

2016 

19 

1155 

1075 

1213 

1089 

1039 

722 

872 

818 

1137 

1033 

989 

20 

1533 

1398 

1538 

1574 

1538 

893 

1109 

1273 

1796 

1373 

1384 

21 

1553 

1351 

1491 

1412 

1460 

847 

1306 

1250 

1907 

1352 

1362 

22 

*  The  aTerege  giTWi  for  Plots  17  is  that  of  12  years  mineral  manure  succeeding  ammonia-salts 
(Plofs  17  or  18);  and  that  givea  for  Plots  18,  of  12  jears  ammonia-salts  succeeding  the  roineial 
nuanie  ("Plots  17  or  18). 
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Report  of  Experiments  on  the  Growth  of  fVheai.  £App. 

EXPJEBIMXNTB  AT  BoTHAlklSTBD   ON  THS  GBOmS  OF 

Appendix.— Tablb  XXV. — Total  Straw 


Habtbbxb. 

PlotB. 

1844.' 

1845. 

1846. 

1847. 

1348. 

1848. 

1860. 

IMO. 

1B62. 

1868. 

1864. 

Ibe. 

lbs. 

IbB. 

IbB. 

Ib0. 

llie. 

Iba. 

lbs. 

lbs. 

Um. 

lbs. 

0 

1436 

3977 

2561 

8277 

2074 

• . 

2037 

1862 

1706 

1807 

2114 

1 

1203 

3699 

1953 

3735 

1735 

• . 

«  • 

1845 

1497 

1632 

2531 

2 

1476 

3915 

2454 

3628 

3041 

3029 

3245 

3094 

8457 

3372 

4450 

3 

1120 

2712 

1513 

1902 

1712 

1614 

1719 

1627 

1597 

1413 

2137 

4 

1104 

3663 

2390 

2948 

2713 

2645 

3312 

2949 

1571 

1670 

2338 

5a 
56 

1116 

> 

2684  { 
8599  1 

1541) 
23091 
17211 
S90ir 

3412 
3721 

3266 
3538 

3589 
3824 

4504 
4379 

4131 
4294 

1903 
2032 

1951 
2130 

2590 
2508 

6a 

\   1100 

3644  /  ^^7® 

2786 

2878 

3072 

3927 

8624 

2581 

2777 

3845 

66 

OQVm    \ 

2571 

2803 

2968 

3516 

3959 

3507 

2604 

2798 

4055 

7a 

\   1172 

3243  1 

1968 

3151 

3088 

3584 

4485 

4587 

3850 

3741 

5603 

76 

3007 

2958 

3413 

3396 

4280 

4302 

3772 

3734 

5496 

8a 

\  1160 

3663  / 

1963 

3683 

2317 

1815 

8407 

2769 

3806 

3966 

6135 

86 

2575 

3720 

2148 

3166 

3591 

2830 

3772 

3927 

6117 

9a 

96 

[  1368 

4058  { 

2033 

/2506 
\3052 

1945 

2683 

3550 

3252 

3714 

2399 

4142 

1 

2603 

2858 

2918 

1810 

3165 

2942 

3374 

2253 

4243 

lOo 

1  1112 

4266  1 

2244 

2891 

2367 

2851 

3089 

3070 

2787 

2049 

3597 

106 

1455 

2874 

2926 

2960 

1949 

3048 

2819 

2682 

4468 

lla 

1  1200 

4104  1 

2133 

3517 

3274 

2892 

3806 

3386 

3081 

2524 

5147 

116 

2715 

3203 

2898 

2942 

3741 

3302 

2912 

2707 

5020 

12a 

\   1116 

4134 

2163 

3452 

3390 

3371 

3921 

3600 

3257 

3665 

5503 

126 

2554 

3124 

2880 

3800 

3905 

3581 

3232 

3704 

5473 

13a 

1  1204 

3355  1 

2327 

3306 

3290 

3236 

4026 

3544 

3222 

3704 

5398 

136 

2755 

3171 

3072 

8246 

4008 

3440 

8289 

3912 

5545 

14a 

}  1176 

3696  1 

2031 

3362 

3257 

3211 

4052 

3605 

3547 

3471 

5552 

146 

2534 

3006 

2897 

3218 

4015 

3537 

3607 

3761 

5418 

15a 

1  1240 

4044 

2936 

3876 

2937 

3038 

3321 

3041 

3212 

3361 

4898 

156 

2513 

3617 

3016 

3262 

3926 

3432 

3421 

3756 

5273 

16a 

1  1480 

4191 

2067 

3417 

3115 

3384 

5103 

4234 

4677 

4904 

6702 

166 

2836 

4012 

3380 

3559 

4615 

4332 

4616 

5019 

6635 

ri7a 

1  1422 

3826 

3278 

4027 

3296 

3891 

4126 

3597 

3734 

1996 

5270 

,  176 

2784 

4261 

3324 

3858 

4034 

3406 

3466 

2012 

4897 

18a 

}  1768 

3819 

2838 

3852 

2935 

3592 

3927 

3390 

1687 

3385 

2418 

ll86 

1893 

4164 

3056 

3779 

3844 

3586 

1764 

3796 

2377 

19 

1772 

4215 

2425 

4202 

3295 

3270 

3527 

3348 

3397 

3213 

4677 

b 

20 

•  • 

3104 

•  • 

2074 

1721 

•• 

1639 

1609 

1677 

1659 

2217 

21 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

::) 

1763 

(2108 
12179 

2181 

3440 

22 

•  • 

•• 

•  • 

•  • 

• . 

• . 

1860 

3340 

*  See  £x)t-note  No.  5,  to  Appendix  Table  I.  p.  iii. 

*  For  Plots  0,  1,  20,  21,  and  22  the  averages  are  for  only  19,  18,  17,  13,  and  13  ytm 


On  Plots  17  and  18  the  manures  have  alternated  during  the  last  12  years ;  that  is,  ammoniR- 
aalts  on  Plots  17,  and  the  mixed  mineral  manure  on  Plots  18,  in  one  year ;  miDMul  maoare  on  Ploti 
17«  and  ammonia-salts  on  Plots  18,  in  the  next  year,  and  so  on. 


App.3  Sepori  (^Experiments  on  the  Growth  of  Wheat. 

WhBAX  YxAB  AFTBB  YbAB  ok  TBI  BAMB  LaND, 

fand  Chaff),  in  lbs.,  per  Acre,  per  Annum. 


HABwra 

ATXEA6B. 

or 

or  last 

Plots. 

IMi. 

"* 

1807. 

1858. 

1850. 

1800. 

IBOL 

1888. 

1868. 

20YMn^> 
18U-«3. 

13  Yean. 
1863-63. 

ttia. 

Dm. 

Ite. 

llM. 

IIM. 

»«. 

IlM. 

lbs. 

Ita. 

IbB. 

llM. 

17S6 

1969 

1545 

1902 

2310 

1445 

1768 

2030 

1P25 

2072 

1846 

0 

1890 

1933 

1532 

1630 

2300 

1380 

1387 

1748 

1745 

1965 

1767 

1 

3845 

4317 

3323 

3837 

4810 

3440 

3101 

4195 

4279 

3515 

3869 

2 

1787 

1558 

1577 

1670 

2175 

1459 

1254 

1713 

1600 

1693 

1662 

3 

1832 

1731 

1572 

1673 

2230 

1520 

1330 

1662 

1654 

2125 

1732 

4 

1819 

2012 

1617 

1532 

2323 

1580 

1493 

1840 

1687 

2345 

1856 

5a 

1800 

2122 

1735 

1643 

2393 

1660 

1610 

1860 

1768 

2.501 

1938 

56 

2837 

3050 

2757 

2577 

3747 

2183 

2573 

2839 

8714 

2909 

2957 

6a 

9037 

3093 

2757 

2713 

3853 

2393 

2683 

3100 

3716 

3044 

3067 

66 

3911 

4560 

3680 

3965 

4677 

3003 

3501 

3906 

5853 

3776 

4187 

7a  . 

4156 

4398 

3891 

4092 

48a) 

3137 

3555 

3913 

5878 

3830 

4236 

76 

3839 

5182 

4297 

4667 

5353 

3880 

3913 

4723 

6715 

3862 

4706 

8a 

4342 

5089 

4450 

4667 

5597 

3813 

3795 

4635 

6489 

8977 

4725 

86 

9946 

3875 

3867 

4317 

5270 

4777 

4445 

6050 

6312 

8739 

4426 

9a 

3212 

3152 

2983 

2688 

3590 

3180 

2170 

3256 

4197 

2998 

3187 

96 

2512 

S818 

2392 

2130 

2730 

2213 

1930 

2593 

3481 

2656 

2603 

10a 

3268 

3168 

2875 

2615 

3420 

2360 

2163 

2843 

4056 

2866 

3061 

106 

2484 

3517 

2943 

2797 

3527 

2503 

2577 

2842 

4233 

8124 

3181 

lla 

3153 

3443 

2920 

3018 

3577 

2693 

2645 

2873 

4459 

3176 

3285 

116 

' 

3538 

3847 

3647 

3663 

4550 

3230 

3192 

3649 

5443 

3617 

3932 

12a 

4010 

3725 

3583 

3673 

4743 

3087 

3337 

3609 

5365 

3607 

3962 

126 

3503 

3743 

3707 

3693 

4737 

2993 

3318 

3589 

5739 

8582 

3945 

13a 

3870 

3651 

3647 

3677 

4807 

3037 

3490 

3672 

5799 

3632 

4033 

136 

3577 

4202 

3658 

3737 

4763 

3053 

3377 

3397 

5459 

3609 

3983 

14a 

4008 

4117 

3652 

3710 

4700 

3103 

3303 

3550 

5299 

3615 

4019 

146 

3825 

3521 

3687 

3515 

4773 

2877 

3318 

3396 

5162 

3499 

3795 

15a 

4222 

3752 

3778 

3698 

4993 

3090 

3478 

3758 

5113 

3669 

4028 

156 

4534 

5529 

4683 

4797 

5927 

4117 

4423 

4527 

7007 

4441 

5152 

16a 

4991 

5467 

4703 

4813 

5793 

4207 

4343 

4497 

6725 

4511 

5151 

166 

1976 

3558 

2058 

3203 

2483 

2700 

1753 

3080 

1918 

3060  \ 
2988  ] 

1985*  ; 

/17a) 
\I76  , 

1804 

3465 

1940 

3274 

2373 

2970 

1663 

3077 

1903 

4017 
4215 

2012 
1938 

3443 
3365 

2008 
1967 

4533 
4650 

1720 
1743 

3094 
3324 

1993 
2140 

4883 
4728 

8065  \ 
3096  / 

3755  < 

/18a  ' 
\186 

• 

3851 

8562 

3193 

3185 

4023 

2743 

3238 

2653 

4523 

3416 

3521 

19 

1831 

1888 

1564 

1730. 

2217 

1433 

1468 

1517 

1472 

1807 

1714 

20 

2419 

2529 

1815 

2373 

3185 

1746 

1640 

2192 

2483 

2298 

2343 

21 

2457 

2498 

1807 

2180 

2980 

1567 

1957 

2180 

2692 

2266 

2308 

22 

*  The  aTcrage  giTen  for  Plots  17  is  thst  of  12  years  mineral  manure  saooeeding  ammonia-salts 
(Plots  17  or  18) ;  and  that  giren  fin:  Plots  18,  of  12  fears  ammonia-salts  soooeeding  the  mineral 
nanore  (Plots  17  or  18). 
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UARvnaraw 

notn 

1844.' 

1845. 

1840. 

1647. 

1848. 

1840. 

1850. 

186L 

1808. 

188& 

1884. 

lbs. 

lbs. 

IbB. 

lbs. 

IbB. 

lbs. 

Ibfl. 

lbs. 

lbs. 

Uw. 

ttM. 

0 

2664 

5944 

4467 

5308 

3333 

•  ■ 

3257 

3158 

2625 

2406 

3786 

1 

2243 

5388 

3462 

5854 

2859 

•  • 

•  • 

3096 

2322 

2036 

4060 

2 

2752 

5882 

4280 

5609 

4746 

5097 

5106 

5143 

5173 

4492 

7125 

3 

2043 

4153 

2720 

3025 

2664 

2843 

2721 

2710 

2457 

1772 

3496 

4 

1992 

5542 

4167 

4728 

4296 

4708 

5097 

4868 

2441 

2116 

3859 

5a 

56 

1 

2072  1 

4115 
5331 

2846\ 
4136/ 
331 9  \ 
4977/ 

5333 
5853 

5177 
5465 

6035 
6476 

6478 
6397 

6604 
6905 

2941 

3097 

2538 
2741 

4098 
4035 

6a 

} 

2064 

6515 

3076 

4449 

4650 

5482 

5887 

5895 

3869 

3755 

6031 

66 

^\^\M^ 

4538 

4435 

4705 

6000 

5939 

5626 

3904 

3870 

6294 

7a 

< 

2156 

4925 

3502 

4985 

5024 

6160 

6619 

7111 

5465 

5110 

8553 

76 

J 

5170 

4635 

5376 

5927 

6392 

6834 

5415 

5091 

8440 

8a 

} 

2140 

5379 

3512 

5798 

3580 

3296 

5263 

4554 

5505 

5312 

9200 

86 

4563 

6740 

3415 

5246 

5539 

4693 

5423 

5352 

9325 

9(1 

96 

j 

2648 

6189 

' 

3647 

/39R3I 
I4807f 

3126 

4718 

5501 

5394 

5305 

3090 

6598 

1 

4545 

4575 

4587 

3285 

4927 

4912 

4888 

2902 

6728 

10a 

) 

2120 

6246 

4094 

4593 

3701 

4992 

4810 

5036 

4107 

2691 

5808 

106 

^#^^v 

2671 

4579 

4530 

5117 

3120 

4985 

4162 

3578 

7003 

11a 

} 

2316 

5984 

* 
1 

3761 

5561 

5258 

5209 

5807 

5602 

4553 

3539 

8006 

116 

4/«r  W 

4770 

5144 

4539 

5091 

5681 

5465 

4299 

3780 

7776 

13a 

) 

2120 

5976 

' 
< 
1 

3824 

5405 

.5328 

5767 

5856 

5834 

4760 

4948 

8469 

126 

^V  A  ■■^r 

4509 

4920 

4597 

5577 

5918 

5784 

4724 

5079 

8412 

13a 

1 

2276 

4913 

< 

3987 

5265 

5245 

5576 

6053 

5646 

4702 

5045 

8311 

136 

^•r  K  ^ 

4753 

4972 

4802 

5592 

5972 

5523 

4765 

5308 

8403 

14a 

} 

2192 

5439 

1 

3636 

5306 

5091 

5477 

6075 

5725 

5054 

4793 

8498 

146 

^B  m  «r  W 

•/^wv 

4346 

4862 

4623 

5341 

6010 

5658 

5137 

5108 

8281 

15a 

) 

2336 

6147 

{ 

5048 

6090 

4508 

5147 

5014 

4880 

4663 

4504 

7699 

156 

^^r^#w 

4374 

5757 

4623 

5267 

5868 

5509 

4941 

5107 

8083 

16a 

A 

2784 

6219 

{ 

3659 

5376 

5088 

5638 

7237 

6733 

6471 

6400 

9932 

166 

^  9   N^^ 

VA  A  W 

4855 

6295 

5328 

5827 

6774 

6833 

6316 

6556 

9928 

ri7a 

\ 

2662 

5919 

1 

5519 

6249 

5229 

6207 

6111 

5746 

5311 

2516 

3218 

9  176 

I 

mm^^^^^ 

vv  A«F 

4818 

6575 

5270 

6117 

5995 

5485 

4986 

2551 

7629 

I8a 

\ 

8136 

5867 

< 

4886 

6012 

4669 

5755 

5861 

5473 

2556 

4496 

3944 

llS6 

/ 

*^«*^*F 

VOU  f 

3367 

6193 

4860 

6022 

5689 

5676 

2685 

5052 

3888 

19 

8352 

6329 

4314 

6397 

5133 

5264 

5377 

5379 

4979 

4373 

7^43 

• 

20 

•  • 

4599 

•  ■ 

3406 

2771 

•  • 

2507 

2565 

2452 

2084 

3662 

21 

•• 

•  « 

•  • 

«« 

•« 

•  • 

•• 

I2995/ 

3285 

2934 

5470 

22 

•• 

•  « 

•« 

•  • 

.  • 

•  • 

•• 

3355 

2452 

5334 

I 


'  See  foot-note  No.  5,  to  Appendix  Table  I.  p.  iii. 

«  For  Plots  0, 1,  20,  21,  and  22,  the  averages  are  for  only  19,  18,  17,  13,  and  13  jeMi 
mpectively. 

»  On  Plots  17  and  18  the  manures  hare  alternated  during  the  hist  12  yfiars;  that  Is,  amroonw- 
salts  on  Plots  17,  and  the  mixed  minei-al  manure  on  Plots  18,  in  one  year;  mineral  manure  on  Plots  17, 
•adammonia-salts  on  Plots  18,  in  the  next  year,  and  so  on. 


App.]  Report  of  Experiments  on  the  Growth  of  Wheat. 

Whsat  Yxab  ajteb  Ybab  on  thb  bamb  Lakd. 

(GoKir  and  Stbaw),  in  lbs.,  per  Acre,  per  Annum. 


zU 


Hastebis. 

Atxbaob. 

• 

Of 

oriMt 

VMM. 

UM. 

1856. 

1897. 

1858. 

1869. 

I860. 

1861. 

1868. 

1868. 

20Yean.> 
1844-63. 

13  Tears, 
1862-63. 

IlM. 

Ha. 

lbs. 

lbs. 

lbs. 

Ibfli 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

282S 

3148 

2726 

3234 

3564 

2271 

2769 

3258 

3,254 

3368 

2989 

0 

9069 

3035 

2650 

2685 

3489 

2097 

2215 

2772 

3,079 

3134 

2792 

1 

60S2 

6594 

5910 

6349 

7073 

5304 

5303 

6642 

7,165 

5591 

6101 

2 

8859 

2450 

2813 

2811 

3226 

2197 

1990 

2709 

2,727 

2719 

2626 

3 

8000 

2757 

2958 

2879 

3418 

2352 

2193 

2711 

2,957 

3452 

2804 

4 

2976 

3179 

3026 

2719 

3600 

2483 

2540 

2959 

2,970 

3767 

3002 

6a 

S943 

3369 

3247 

2870 

3666 

2595 

2692 

2961 

3,064 

8996 

3107 

5& 

4690 

4767 

4968 

4395 

5555 

3393 

4328 

4554 

6.236 

4668 

4704 

^ 

484S 

4848 

4950 

4563 

5708 

3719 

4501 

4897 

6,250 

4859 

4863 

6& 

5995 

6872 

6462 

6415 

6774 

4615 

5764 

6106 

9,33C 

5897 

6455 

7a 

6296 

6642 

6793 

6622 

6892 

4734 

5738 

6178 

9,385 

5982 

6519 

76 

5747 

7689 

7355 

7347 

7421 

5639 

6203 

7200 

10,383 

5926 

7083 

8a 

6495 

7489 

7579 

7342 

7604 

5600 

5985 

7087 

10,048 

6102 

7111 

86 

5878 

5894 

6634 

6701 

7076 

6635 

6607 

8738 

9,888 

5730 

6587 

9a 

4817 

4831 

5203 

4158 

5002 

4286 

3079 

4897 

6,920 

4668 

4808 

96 

3797 

4323 

4208 

3569 

3937 

3118 

2784 

4050 

6,068 

4203 

4038 

10a 

5073 

4895 

5060 

4390 

4920 

3420 

3196 

4443 

6,914 

4521 

4754 

106 

3694 

5518 

6375 

4774 

5155 

3773 

4032 

4548 

7,212 

4984 

5015 

11a 

4733 

5389 

5317 

5117 

5275 

4000 

4223 

4607 

7,519 

5051 

5170 

116 

5478 

5949 

6394 

6100 

6610 

4878 

5201 

5745 

8,976 

5681 

6126 

12a 

6182 

5804 

6312 

6060 

6858 

4664 

5481 

5634 

8,819 

5672 

6169 

126 

5427 

5779 

6421 

6077 

6774 

4568 

5486 

5542 

9,192 

6614 

6110 

18a 

5980 

5659 

6886 

6074 

6894 

4637 

5794 

5691 

9,238 

5681 

6236 

136 

5531 

6397 

6439 

6150 

6817 

4636 

5502 

5283 

8,986 

5651 

6174 

14a 

6161 

6279 

6351 

6146 

6774 

4666 

5476 

5558 

8,749 

5658 

6224 

146 

5855 

5444 

6368 

5800 

6826 

4387 

5506 

6268 

8,276 

6488 

6883 

15a 

6415 

6797 

6543 

6134 

7088 

4704 

6727 

5787 

8,240 

5722 

6214 

156 

6634 

7955 

7814 

7499 

7953 

5973 

6761 

6752 

10,717 

6680 

7572 

16a 

7106 

7917 

7897 

7530 

7798 

6096 

6775 

6730 

10,332 

6795 

7582 

166 

3903 

5641 

3700 

5353 

3780 

4109 

2982 

4827 

3,288 

4821  \ 

3166  « 

/17a) 
\176  , 

2914 

5400 

3523 

5455 

3541 

4518 

2829 

4762 

3,292 

4712  / 

6144 

3152 

6009 

3480 

6506 

2649 

5144 

3161 

7,889 

4839  \ 

6809  « 

/18a 
\186J 

6385 

3069 

6884 

3305 

6630 

2706 

5446 

3335 

7,737 

4847  / 

5818 

5621 

5793 

5362 

5926 

4178 

5345 

4132 

7,577 

6400 

5537 

19 

2986 

2963 

2777 

2819 

3256 

2155 

2340 

2335 

2,609 

2840 

2703 

20 

3952 

3927 

3353 

3947 

4723 

2639 

2749 

3465 

4,279 

8671 

3727 

21 

; 

4010 

3849 

3298 

3592 

4440 

2414 

3263 

3430 

4,599 

8618 

8670 

22 

*  The  arerage  giyen  for  Plots  17  is  that  of  12  yean  mineral  mannre  sueoeeding  ammoniapealts 
(Plots  17  or  18);  aitd  that  giren  for  Plots  18,  of  12  yean  arnxDoiua-salts  Buooeeding  th6  mineral 
manure  (Plots  17  or  18). 


OH 

THE    SELECTION    OF 


ARTIFICIAL     MANURES 

FOB  THS 

SUGAR    CANE. 

BIT  J.    B.    Jl.-A.'WBS- 


The  effects  of  sulphate  of  ammonia  upon  the  growth  of  the 
sagar-cane  are  so  striking,  and  the  increase  in  its  use  during 
the  last  few  years  has  been  so  great,  that  it  seems  desirable  that 
a  few  words  of  caution  and  advice  should  be  offered  to  those 
who  are  in  the  habit  of  using  that  valuable  manure.  As  far 
back  as  1847,  when  so  much  distress  prevailed  in  the  West 
Indian  Colonies,  I  drew  up  a  paper,  at  the  request  of  some 
gentlemen  interested  in  sugar  production,  in  which  I  gave  it  as 
my  opinion  that  the  judicious  employment  of  Artificial  Manures 
for  the  growth  of  the  cane  was  likely  to  prove  highly  beneficial. 
I  was  led  to  this  conclusion,  partly  by  a  careful  study  of  the 
known  conditions  of  growth  of  the  cane  and  of  its  treatment 
for  the  production  of  sugar,  and  partly  also  by  a  consideration 
of  the  effects  of  different  descriptions  of  manure  on  plants 
botanically  allied  to  the  cane.  During  the  fifteen  years  which 
have  elapsed  since  the  date  of  the  paper  just  referred  to,  much 
experience  has  been  gained,  not  only  in  regard  to  the  action  of 
manures  on  plants  allied  to  the  cane,  but  also  as  to  their  action 
on  the  growth  of  the  cane  itself,  grown  under  such  widely 
different  climatic  circumstances.  The  result  has  been  fully  to 
confirm  the  conclusions  before  arrived  at.  I  now  feel  fully 
justified,  therefore,  in  offering  to  Planters,  with  more  confi- 
dence, some  advice  on  the  selection  and  application  of  Artificial 
Manures. 

The  sugar-cane  belongs  to  the  Oraminaoeous  family  of  plants, 
which  fomishes  food  to  a  large  proportion  of  the  inhabitants  of 


the  globe.  Thus,  wheat,  barley,  oats,  rye,  maiase,  rioe,  the 
sugar-cane,  and  the  grasses  of  onr  meadows  and  pastures,  are 
all  members  of  the  great  natural  order — Graminaceae.  Although 
flourishing  under  very  different  conditions  of  soil  and  climate, 
these  allied  plants  possess  many  characteristics  in  common. 
Their  stems  contain  a  large  quantity  of  siliceous  matter;  the 
juice  of  the  unripe  plant  is  generally  highly  saccharine ;  and 
the  ripened  seeds  abound  in  starch.  The  food  products  for 
which  they  are  cultivated  are  principally,  though  not  exclu- 
sively, sugar  and  starch,  substances  which  are  closely  allied  to 
one  another  in  chemical  composition ;  whilst  each  can  be 
formed  from  the  other,  either  artifically  or  under  the  inflnence 
of  the  processes  of  vegetation.  Further,  so  far  as  experience 
supplies  information  on  the  point,  various  members  of '  the 
Graminaceous  family,  though  cultivated  under  very  different 
conditions  in  different  parts  of  the  world,  have,  in  the  main, 
been  found  to  give  increased  growth,  and  increased  yield  of 
their  valuable  food  products,  under  the  influence  of  similar 
descriptions  of  manure. 

It  is  especially  the  case  that  those  manures  which,  whether 
used  experimentally,  or  under  the  ordinary  circumstances  of 
cultivation  in  this  country,  have  been  found  to  be  the  most 
effective  in  increasing  the  produce  of  the  graminaceous  grains, 
wheat,  barley,  and  oats,  and  of  the  grasses  of  our  meadows, 
have  also  had  the  greatest  effect  on  the  increased  growth  of  the 
cane,  and  on  the  yield  of  sugar  over  a  given  area  of  land.  I 
shall,  therefore,  by  way  of  illustration,  here  quote  some  of  the 
results  obtained  in  experiments  on  the  application  of  different 
manures  to  the  wheat  crop,  so  far  as  they  have  a  bearing  upon 
the  question  now  under  consideration. 

In  the  autumn  of  1843,  now  nearly  twenty  years  ago,  a  field 
of  about  14  acres,  on  my  farm  at  Bothamsted,  was  set  apart  for 
experiments  on  the  growth  of  wheat  with  different  descriptions 
of  manure  year  after  year  on  the  same  land.  A  crop  of  wheat 
has  been  taken  from  this  field  every  year  since,  and  the 
experiments  are  still  in  progress.  More  than  twenty  different 
combinations  of    manuring   substances   are    used   each    year,  the 
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flame  deBcripidon   being,  for    the    most  part,   applied    year   after 
year  on  the  same  plot  of  land. 

It  is  obvions  that  results  obtained  over  a  long  series  of  years 
in  the  manner  here  described,  must  give  a  tolerably  correct 
indication  as  to  which  constituents  the  soonest  became  deficient, 
and  which,  therefore,  it  was  the  most  necessary  to  supply  to 
the  land  in  order  to  maintain  or  increase  the  growth  of  wheat 
under  the  circumstances  in  question,  when  the  crop  was  grown 
year  after  year  on  the  same  land,  and  the  entire  produce  was 
removed  without  the  usual  periodical  supply  of  farm-yard 
manure. 

One  portion  of  the  land  was  always  left  unmanured ;  one 
manured  with  alkali-salts  alone ;  one  with  superphosphate  of 
lime  alone ;  one  with  alkali-salts  and  superphosphate  of  lime 
together ;  one  with  ammonia-salts  alone ;  one  with  ammonia- 
salts  and  superphosphate  of  lime ;  one  with  ammonia-salts, 
superphosphate  of  lime,  and  alkali-salts  together,  and  so  on ; 
and,  finally,  one  plot  was  manured  with  farm-yard  manure,  at 
the  rate    of    14    tons  per  acre  each  year. 

The  following  Table  shows  the  weight  of  the  total  produce 
(com  and  straw  together),  and  of  the  total  increase,  obtained 
per  acre  during  the  last  ten  years,  under  the  influence  of  each 
of  the  conditions  of  manuring  above  enumerated  : — 


2 
8 

4 

6 
6 
7 


Unmaiiiired,  oontbrnoasly 

Alkali-sftlts,  alone   

Saperphosphate  of  lime,  alone 

Snperphosphate  and  alkali-ealte,  together 

Ammonia-salte,  alone 

Ammonia-BaltB  and  snperphosphate  of  lime 

Ammonia-salfce,  enperphosphate,  and  alkali*Balt» 
together 

Farm-yard  manure,  14  tons  per  acre  per  annum 


Ooin  and  Straw  per  acre, 
intenyear8,18fi2.1861. 

Prodace. 

Increaae. 

CwtB. 
282 

CwtB. 

246 

14 

262 

30 

274 

42 

342 

110 

438 

206 

556 

324 

530 

298 

It  is  Been  that  the  mineral  mannrefi  used  alone  (Kob.  2,  3, 
and  4,)  gave  but  very  little  increase  over  the  prodnoe  of  the 
onmannred  land,  the  amount  obtained  per  acre  in  ten  yeans 
being  only  14  cwto.  by  alkali-Baits  alone ;  80  cwtB.  by  saper- 
phosphate  of  lime  alone ;  and  42  cwts.  by  snperphoBphate  of 
lime  and  alkali-salts  together. 

The  increase  in  experiments  5,  6,  and  7,  where  ammonia- 
salts  were  employed,  was  very  much  greater ;  but  very  much 
the  greater  when  the  ammonia-salts  were  used  in  combination 
with  mineral  mannres,  than  when  they  were  nsed  alone.  Thns, 
the  increase  of  produce  in  ten  years  by  ammonia-salts  alone 
was  110  cwts. ;  by  the  same  amount  of  ammonia-salts  mixed 
with  superphosphate  of  lime  it  was  nearly  twice  as  much,  or 
206  cwts. ;  and  by  the  same  amount  of  ammonia-salts  mixed 
with  both  superphosphate  of  lime  and  alkali-salts  the  in- 
crease was  824  cwts.,  or  nearly  three  times  as  much  as  by  the 
ammonia-salts  alone.  Lastly,  it  is  especially  worthy  of  remark, 
that  the  latter  amount  of  increase,  obtained  by  the  combioa- 
tion  of  salts  of  ammonia,  superphosphate  of  lime,  and  alkali- 
salts,  was  considerably  greater  than  by  a  liberal  dressing  of 
farm-yard  manure. 

The  result  was,  then,  that  mineral  manures  used  alone  gave 
very  little  increase;  that  aamionia-salts  used  alone  gave  very 
much  more  than  mineral  manures  alone ;  that  a  combina- 
tion of  both  ammonia-salts  and  mineral  manures  gave  very 
much  more    increase   still,  in    fact,  more    even    than    farm-yard 

manure. 

» 

The  amount  of  farm-yard  manure  employed  supplied,  each 
year,  more,  both  of  combustible  carbonaceous  substance,  and  of 
mineral  matter,  than  was  taken  off  in  the  crop.  On  the  other 
hand,  the  mixtures  of  ammonia-salts  and  mineral  manure  con- 
tained no  carbonaceous  substance  whatever.  Notwithstanding 
this,  one  of  these  mixtures,  No.  7,  gave,  as  has  been  seen, 
more  increase  than  the  farm-yard  manure  with  its  large  supply 
of  such  substance.  The  fact  is,  there  is  no  doubt,  that  the 
wheat  plants  obtained  nearly  the  whole  of  their  vegetable  sub- 
stance, either  by  their  roots  or  their  leaves  as  the  case  may  be 


from  the  atmoephere ;  but  that  the  amount  they  stored  up 
depended  very  much  upon  the  supply  of  ammonia  and  mineral 
(XHistituents  provided  within  the  soiL 

Aaraming  that  the  habits  and  requirements  of  growth  of  the 
sngar-cane  are  closely  allied  to  those  of  wheat  in  regard  to  the 
points  above  referred  to,  it  follows  that  nitrogenous  manures, 
such  as  sulphate  of  ammonia,  will  considerably  increase  its 
growth,  and  with  it  the  produce  of  sugar  from  a  given  area  of 
land,  and  that  ammonia-salts  in  combination  with  mineral 
manures  will  do  so  in  a  stiU  greater  degree. 

Sugar  is  an  organic  substance  composed  of  carbon,  hydrogen, 
and  oxygen,  constituents  which  are  derived  from  the  atmos- 
phere and  water.  Hence,  if  nothing  were  taken  from  the  land 
but  pure  sugar,  there  would  be  no  loss  of  mineral  constituents 
from  the  soil.  But  it  happens  in  practice,  that  nearly  the  whole 
of  the  constituents  of  the  cane  are  lost  to  the  soil.  Thus,  little 
or  none  of  the  nitrogenous,  or  anmionia-yielding  substance, 
contained  in  the  produced  cane,  is  returned  to  the  land.  A  large 
proportion  of  the  alkali-salts,  or  more  soluble  mineral 
matters  is  extracted  in  the  juice  and  remains  chiefly  in  the 
molasses,  and  partly  intermixed  with  th%  impure  sugar.  Lastly, 
the  expressed  cane,  which  is  burnt  as  fuel,  contains  the  remainder 
of  the  nitrogenous  substance,  which  is  4estroyed  and  lost  in  the 
combustion ;  it  also  contains  nearly  oue-third  of  the  soluble, 
and  nearly  the  whole  of  the  more  insoluble  portions  of  the 
mineral  constituents,  which  remain  in  the  stoke-hole  ashes,  and 
are  but  seldom  returned  to  the  land. 

It  is  obvious,  therefore,  that  in  the  growth  and  manufacture 
of  sugar  as  at  present  practised,  there  is,  besides  vegetable 
matter,  a  great  loss  of  the  mineral  constituents  of  the  soil, 
which  will,  of  course,  be  the  greater  when  the  amount  of  pro- 
duce is  increased  by  means  of  ammonia-salts  alone.  To  show 
the  nature  of  this  loss  more  in  detail,  it  may  be  mentioned  that 
fresh  cane,  as  taken  from  the  land,  is  estimated  to  contain  about 
0*45  per  cent,  of  mineral  matter ;  and  assuming  this  to   be   the  i 

case,   every    10  tons  of  cane  taken  from  an  acre  of    land    will 
remove  from  it  about  100  lbs.  of  mineral  matter,  which,  according 


to  the  average  of  twelve  analyses  of  cane-ash   by   Dr.   Stenhonse, 
will  contain  the  following  constitaents  : — 


Silica 

Phoephorio  Aoid 

Salphnrio  Aoid   

Lime  

Magnesia  

Potass 

Chloride  of  Potassium 

Soda  

Chloride  of  Sodium  ... 


Ash  constltnentB 

in  10  tunfl  froh 

cane. 


IbB. 
43-2 

6-8 
6-6 
8-4 
7-6 
16-6 
4-9 
0-6 
5-4 


100-0 


As  already  said,  perhaps  about  two-thirds,  or  more,  of  the 
more  soluble  of  the  above  mineral  matters,  will  be  contained  in 
the  expressed  juice,  and  if  the  whole  of  the  sugar  and  molasses 
obtained  from  it  were  sold,  the  whole  of  this  portion  would  be 
lost  to  the  land;  but  the  saline  matters  of  that  portion  of  the 
molasses  which  is  consumed  on  the  estate,  either  as  food  or  in 
the  manufacture  of  rum,  should  sooner  or  later  find  their  way 
back  to  the  land  in  the  form  of  manure.  The  stoke-hole  ashes, 
the  residue  of  the  combustion  of  the  expressed  cane,  and  con- 
taining the  remaining  mineral  constituents,  including  the 
greater  part  of  the  phosphoric  acid,  the  lime,  the  magnesia,  the 
silica,  and  the  remaining  amount  of  the  salts  of  potass  and 
soda,  should  also  find  their  way  back  to  the  land.  But,  from 
the  hard,  glassy,  and  insoluble  condition  of  these  ashes,  they 
will  be  of  httle  or  no  use  as  manure  unless  finely  ground  before 
they  are  applied,  and  even  then  their  action  will  be  but  slow. 

Under  any  circumstances,  therefore,  a  considerable  propor- 
tion of  the  mineral  matter  of  the  produced  cane  must  be  lost  to 
the  land ;  the  portion  that  is  returned  can  be  but  very  imperfectly 
distributed  throughout  the  soil ;  and  so  much  of  it  as  is  applied 
in  the  form  of  stoke-hole  ashes,  including  the  phosphates,  will  be 
in  a  comparatively  insoluble  condition.  Soluble  phosphate  is, 
however,  extensively  manufactured  in  England  for  the  purposes  of 


manme,  and  can  be  supplied  at  a  rery  cheap  rate.  Potass, 
another  oonstitnent  of  which  the  land  is  considerably  drained  in 
the  production  of  sugar,  is  much  more  expensive,  and  for- 
tunately exists  in  most  soils  in  much  larger  proportion  to  the 
amount  required  than  does  phosphoric  acid.  It  is  extremely 
desirable  that  at  any  rate  both  phosphoric  acid  and  potass 
should  enfcer  into  the  composition  of  the  artificial  manures  used 
for  the  sugar-cane ;  and  more  especially  so  when  ammonia-salts 
are  employed.  In  this  way,  not  only  will  the  anunonia,  or 
nitrogen,  X  the  most  expensive  constituent  of  manures,  be  greatly 
economised,  but  the  exhaustion  of  the  soil  which  must  inevita- 
ably  follow  the  use  of  ammonia-salts  alone,  will  be  prevented. 

As  the  roots  of  the  cane  extend  to  a  considerable  depth,  it 
may  take  some  years  before  the  exhaustion  and  injury  arising 
from  the  exclusive  use  of  ammonia-salts  will  become  manifest — 
but  sooner  or  later  the  drain  of  the  mineral  matters  will  show 
itself.  The  first  symptom  will  be  a  diminished  result  from  the 
application  of  the  ammonia-salt;  and  the  manufacturers  or 
importers  of  this  valuable  manure  will  be  accused  of  furnishing 
an  adulterated  article.  But  it  would  be  still  more  damaging  to 
the  interests  of  the  planter  himself,  that  he  should  wait  until 
the  evil  consequences  have  developed  themselves.  The  artificial 
manures,  by  means  of  which  the  restoration  must  be  made,  can 
only  be  distributed  through  the  soil  to  the  depth  of  a  few 
inches ;  and  it  is  only  in  the  course  of  years,  that  any  appreci- 
able amount  of  their  valuable  constituents  can  reach  the  lower 
layers;  so  that,  when  injurious  results  have  once  been  pro- 
duced, they  will  not  admit  of  a  speedy  remedy. 

As  a  manufacturer  of  manures,  it  is,  in  a  pecuniary  sense,  of 
little  importance  to  me  whether  I  sell  sulphate  of  ammonia 
alone  or  in  combination  with  other  substances ;  but  I  feel  by 
no  means  indifferent  as  to  the  success  attending  the  use  of 
the  manures  I  supply.  Within  the  last  few  years  considerable 
advance  has  been  made  in  the  knowledge  of  all  that  relates  to 
the  application  and  action  of  manures ;  and  it  would  be  a  sub- 
ject of  much  r^ret  were  the  owners  of  colonial  property  to 
suffer,  in  addition  to  their  other  difBculties,  from  diminished 
produce  and  depreciation  of   land,  arising  from   the   want  of   a 
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due  apprehension  and  application  of  those  principles,  by  the  aid 
of  which  some  other  branches  of  agriculture  have  of  late  yean 
so  much  profited. 

It  is,  of  course,  optional  with  those  interested  in  the  pro- 
duction of  sugar  to  make  the  alterations  I  have  to  suggest,  or 
not,  as  they  may  think  best.  I  propose,  however,  to  manu- 
facture a  special  manure  for  the  sugar  cane  to  be  called  cane- 
manure,  of  which  the  greater  proportion  will  be  sulphate  of 
ammonia,  and  the  remainder  will  consist  of  such  a  combination  of 
mineral  constituents  as  is  the  most  suitable  for  the  cane,  taking 
into  consideration  the  character  and  circumstances  of  growth  of 
the  crop,  and  the  mode  of  dealing  with  the  produce.  I  may  add 
that  I  do  not  anticipate  very  sudden  or  striking  results  to  be 
observable  on  the  use  of  this  manure  instead  of  sulphate -of 
ammonia  alone ;  but  I  have,  at  the  same  time,  the  fullest  con- 
fidence that  the  ultimate  result  will  be  beneficial. 

The  most  important  conclusions  for  the  planter  to  bear  in 
mind  may  be  briefly  enumerated  as  follows  : — 

1.  That  the  constituents  of  sugar,  and  of  nearly  the  whole 
of  the  combustible  portions  of  the  cane,  are  derived  from  the 
air  and  water,  and  not  from  the  soil  itself. 

2.  That  ammonia  used  as  manure  most  strikingly  increases 
the  growth  of  the  cane,  provided  the  soil  be  not  deficient  in 
mineral  constituents. 

3.  That  large  quantities  of  mineral  constituents  are  taken 
from  the  land  in  the  cane  crop,  part  of  which  find  their  way 
into  the  molasses  and  the  impure  sugar,  and  the  remainder  are 
contained  in  the  ashes  left  on  burning  the  cane  refuse  as  fuel. 

4.  That  the  mineral  constituents  of  the  molasses  consumed 
on  the  plantation,  and  the  stoke-hole  ashes  (after  being  finely 
ground)  should  be  returned  to  the  land  as  manure. 

5.  That  there  is  an  inevitable  loss  to  the  soil  of  some  of  the 
mineral  constituents  taken  from  the  land  in  the  cane,  and  hence 
it  is  necessary  to  provide  such  constituents  in  the  artificial 
manures  used  for  the  crop. 

],  Adelaide  Place,  London  Bridge, 
January^  1868, 
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The  authors  had  been  engaged  for  many  years  in  an  investigation  in  the  course 
of  which  they  had  grown  wheat  year  after  year  on  the  same  land  for  more  than 
twenty  years ;  on  some  portions  without  any  manure,  and  on  others  with  farm- 
yard manure,  or  with  various  descriptions  of  manure.  They  had  published  the 
results  obtained  in  the  field  during  the  first  twenty  years  of  the  experiments  *;  and 
they  had  been  for  some  time,  and  were  still,  engaged  in  investigating  the  composi- 
tion of  the  produce  grown  under  the  different  conditions,  and  also  the  compara- 
tive composition  of  the  soils  of  the  different  plots,  as  affected  by  the  various  treat- 
ment. 

The  point  to  which  they  chiefly  confined  attention  on  the  present  occasion  was, 
the  accumulation,  and  the  loss,  of  the  nitrogen  which  had  been  supplied  in  the 
manure  and  not  recovered  in  the  increase  of  crop.  After  discussing  the  difficul- 
ties of  sampling,  preparing  for  analysis,  and  analyzing  soils  in  such  manner  as  to 
yield  results  applicable  to  the  purposes  of  their  inquiry,  and  describing  the 
methods  they  had  adopted,  they  called  attention  to  some  of  the  results  obtained, 
sommaries  of  which  were  brought  to  view  in  Tables  hung  up  in  the  room.  The 
percentage,  and  calculated  acreage,  amounts  of  nitrogen  existing  in  such  condi- 
tion as  to  be  determinable  by  burning  with  soda-lime  were  given  for  the  soil,  of 
the  first,  of  the  second,  and  of  the  third  nine  inches,  of  eleven  differently  manured 
plots,  showing  the  amounts,  therefore,  to  the  depth  of  27  inches  in  all. 

The  accumulation  of  nitrogen  from  the  residue  of  manuring  was  found  to  be, 
in  some  cases,  very  considerable ;  but  even  with  eaual  amounts  suppUed,  it 
varied,  both  in  total  amount  and  in  distribution,  accoraing  to  circumstances,  the 
depth  to  which  the  unus^  supply  had  penetrated,  being  apparently  influenced  by 
the  character  and  amount  of  the  associated  manurial  constituents.  The  general 
result  was,  that,  although  a  considerable  amount  of  the  nitrogen  supplied  in 
manure  which  had  not  been  recovered  as  increase  of  crop  was  shown  to  remain 
in  the  soil,  still  a  larger  amount  was  as  yet  unaccounted  for.  Initiative  results 
indicated  that  some  existed  as  nitric  acid  in  the  soil,  but  it  was  believed  that  the 
amount  so  existing  would  prove  to  be  but  small.  In  fact,  it  was  concluded  that  a 
oonsiderably  larger  proportion  would  remain  entirely  unaccounted  for  within  the 
soil  to  the  depth  under  examination  than  was  there  traceable,  and  the  probability 
was,  that  at  any  rate  some  of  this  had  passed  off  into  the  drains,  and  some  into 
the  lower  strata  of  the  soil.  Finally,  it  was  shown,  by  reference  to  field  results, 
that  there  was  not  more  than  one  or  two  bushels  of  increase  in  the  wheat  crop  per 
acre  per  annum,  due  to  the  large  accumulated  residue  of  nitrogen  in  the  soil,  not- 
withstanding its  amount  was  many  times  greater  than  that  which  would  yield  an 
increase  of  twenty  bushels  or  more,  if  applied  afresh  to  soil  otherwise  in  the  same 
condition.  On  the  other  hand,  it  was  shown  that  the  effect  of  an  accumulated 
residue  of  certain  mineral  constituents  was  not  only  very  considerable  in  degree, 
bat  very  lasting. 

*  **  Report  of  EzperimentB  on  the  Growth  of  Wheat  for  Twenty  Tears  in  snooession  on 
(he  ttme  Lud,'*  Jonm.  Boy.  Ag.  Soc.  Eng.  vol.  zxt.  pte.  1  ft  2. 
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RESULTS  ON  THE  COMPOSITION  OP  WHEAT 

GROWN  FOR  TWENTY  YEARS  IN  SUCCESSION 

ON  THE  SAME  LAND. 


BT 

J.  B.  LAWES,  P.R.S,,  F.C.S.,  and  J.  H.  GILBERT,  Pe.D.,  F.R.S.,  F.C.S. 


JtoM  resnltB  had  reference  to  the  produce  of  a  field  in  whidi  wheat  had  now 
wen  Rown,  on  eome  plots  without  manure,  on  one  with  faittTard  manure,  and 
on  othera  hy  different  artificial  mixtures^  for  twentj-four  years  in  Bucoession 
(1843-4  to  1866-7  inclusive).  At  the  Cheltenham  Meeting  of  the  British  Asso- 
aatum  in  1866,  the  authors  treated  of  lihe  efiects  of  season  and  manures  on  the 
MBmoeition  of  the  crop  as  illustrated  by  the  results  of  analysis  rekting  to  the 
produce  of  some  of  the  plots  during  the  first  ten  years  of  the  experiments.*  At  the 
Mjuioiester  Meeting,  in  1861,  they  recurred  to  the  subject ;  the  analytical  results, 
J^njch  then  extended  to  the  produce  of  some  of  the  plots  for  sixteen  years,  were, 
flower,  chiefly  applied  to  the  illustration  of  certain  points  in  connexion  with  the 
«ilkau8tio(n  of  soils.  At  the  Nottingham  Meeting,  in  1866,  they  treated  of  the 
jKcumulation  of  the  nitrogen  of  manure  in  the  soil  of  the  same  experimental  field 
<ne  results  adduced  on  the  present  occasion  showed  the  efibcts  of  season  and 
]>ununng  on  the  composition  of  both  the  grain  and  the  straw  during  twenty  yean 
«w  experimental  growth. 

T/ie  particnlan  of  composition  giren  an — ^the  percentages  of  dry  substance, 
^  nuneral  matter,  and  of  nitrogen,  and  the  constituents  of  the  ash  of  both  grain 
mW*^^'  ™ore  than  200  complete  ash-analyses  being  brought  to  bear  on  the 
TOftject ;  and,  side  by  side  with  these^  as  indicating  the  general  characters  of  the 

_^' J*?«^  «wao  points  in  the  Composition  of  Wheat-grain,  its  products  in  the  Mill, 
«w  Bread.*  Jowm.  Qfkem.  Sae.  vol.  x. 
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produce  of  the  di£forent  seMons  and  plots,  are  giyen  the  proportion  of  grain  to 
straw,  and  the  weight  per  biuhel  of  the  grain. 

In  the  case  of  the  plots  without  manure,  with  fiumyard  manure,  and  with 
ammonia-salts  alone,  every  year,  the  ash  of  the  grain  of  the  last  sixteen,  or  more, 
and  of  the  straw  of  the  last  sixteen,  of  the  twenty  years,  had  been  analysed ;  and  in 
the  case  of  nine  differently  manured  plots  (including  the  above  three),  the  ash,  of 
both  grain  and  straw,  of  the  first,  the  last,  and  two  intermediate  aeaaaas  (one  bad 
and  one  good)  of  the  last  twelve  of  the  twenty  years  had  been  analysed.  It  was 
the  intention  of  the  authors  to  publish  the  results  of  the  investigation  in  detail 
before  long;  and  on  the  present  occasion  they  confined  attention  to  a  few  of  the 
most  prominent  effects  of  the  respective  manures  on  the  composition  of  the  crop, 
when  thus  applied  for  so  long  a  continuance,  year  after  year,  on  the  same  plot. 

It  is  first  pointed  out  as  remarkable,  though  fully  established  by  their  results 
from  the  commencement,  that  variation  in  manure,  even  though  maintained  for 
many  years  in  succession,  and  resulting  in  great  variation  in  amount  of  produce, 
afiects  comparatively  little  either  the  proportion  of  grain  to  straw,  or  the  weight 
per  bushel  of  the  grain;  excepting,  indeed,  in  a  few  extreme  cases  of  abnormal 
exhaustion  or  repletion.  Nor  do  the  percAntages  of  dry  substance,  of  mineial 
matter  in  dry  substance,  or  of  nitrogen  in  dry  substance,  vary  modi  under  the 
direct  influence  of  variation  in  manure,  unless  again  in  very  abnormal  cases. 
Very  different,  however,  is  the  effect  of  season ;  the  variation  in  the  character  of 
the  produce,  in  every  one  of  the  above  particulars,  being  much  greater  in  different 
seasons  with  the  same  manure,  than  with  different  manures  in  the  same  season. 

Oonsistently  with  these  broad  facts,  the  compodtion  of  the  ash  of  the  grain  i» 
found  to  be  pretty  uniform  under  a  great  variety  of  manurial  conditions  in  one  and 
the  same  season ;  only  in  a  few  extreme  cases,  of  special  interest,  varying  in  any 
material  degree.  The  same  may  be  said  in  some,  though  in  a  much  less  degree, 
of  the  composition  of  the  ash  of  the  straw,  which  is  obviously  much  more  directly 
affected  by  the  character  of  the  supplies  within  the  soil. 

The  general  result  is  that  (excepting  in  a  few  abnormal  cases)  the  variation  in 
the  composition  of  the  ash  of  the  grain  is  limited  to  the  slight  variations  due  to 
differences  of  development  and  maturation,  which,  in  their  turn,  are  much  greater 
with  variation  of  season  than  with  variation  of  manure.  The  composition  of  the 
ash  of  the  straw,  on  the  other  hand,  much  more  nearly  represents  the  total  mineral 
matters  taken  up  by  the  plant,  and  much  lees  the  character  of  development  of  its 
own  more  fixed  and  esmntial  constituents.  In  other  words,  whilst  there  may  be 
considerable  range  in  the  composition  of  the  matters  taken  up  by  the  entire  plant, 
the  tendency  in  the  formation  and  ripening  of  the  ultimate  product,  the  seed 
(whether  produced  in  small  quantities  or  large),  is  to  a  fixed  and  uniform  com- 
position, the  deviation  f^m  which  is  little  directly  affbcted  by  the  character  of  the 
supplies  within  the  soil,  but  much  more  by  the  various  inffnences  of  season. 

The  deviations  from  the  point  of  fixed  and  uniform  composition,  thus  due  pri- 
marily to  variations  in  climatic  circumstance,  are,  however,  when  considered  in 
relation  to  other  characters  of  the  grain,  sufficient  to  show  the  general  oonnezioo 
between  the  comparative  predominance  of  individual  constituents  and  that  of 
certain  general  characters  of  develonment.  A  few  illustrations  were  given,  but  the 
fhller  treatment  of  the  subject,  in  its  bearing  on  these  as  well  as  on  other  points, 
was  reserved  until  the  results  could  be  considered  in  the  detail  necessary  to  their 
proper  elucidation. 

One  point  of  interest  prominently  brought  out  by  the  results  relating  to  the 
composition  of  the  straw-ash  was,  that  a  high  percentage  of  silica  was  almost 
uniformly  associated  vrith  a  bad,  and  a  low  nercentage  with  a  good  condition  of 
the  produce ;  a  fact  to  which  the  authors  had  on  former  occamona  called  attentiott, 
but  which,  as  was  romarked  by  the  President,  was  quite  inoonsistent  with  the 
generally  accepted  views  on  the  subject* 
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ON  THE 

HOME    PRODUCE,    IMPORTS,    AND 
CONSUMPTION  OF  WHEAT. 


It  is  almost  a  truism  to  say  that  the  characters  of  the  seasons 
exert  a  very  great  influence  on  the  amount  and  quality  of  our 
home- produce  of  wheat  from  year  to  year;  and  that  upon  the 
amount  of  food  which  the  crop  supplies  depends  very  materially^ 
though  less  than  formerly,  the  general  prosperity  of  the  nation. 
Id  a  very  able  paper  by  Mr.  Caird,*  devoted  in  great  measure 
to  pointing  out  die  important  bearings  of  the  Agricultural 
Returns  for  1866  and  1867,  which  were  presented  to  Parliament 
last  year,t  he  estimates  the  cost  of  the  wheat  and  wheat-flour 
consumed  in  the  United  Kingdom  at  30,000,000/.  sterling  more 
for  the  year,  in  consequence  of  the  bad  season  of  1867,  than  after 
the  good  harvest  of  1863 ;  and  that,  out  of  this  total  extra  cost, 
27,400,000/.  more  would  have  to  be  paid  for  foreign  com  after 
the  bad  harvest  than  after  the  good  one.  He  calls  attention  to 
the  influence  which  such  a  result  must  have  upon  the  trade  of 
the  country,  and  insists  upon  the  great  advantages  which  would 
accrue  from  early  knowledge  as  to  the  area  and  yield  of  our 
various  crops. 

Hitherto  the  objections  of  farmers,  whether  valid  or  otherwise, 
have  been  sufficient  to  prevent  the  legislature  from  requiring 
returns  to  be  made  on  these  and  other  points  comprised  under 
the  head  of  *  Agricultural  Statistics.'  In  Ireland  for  a  number 
of  years  past,  and  in  Scotland  also  for  a  few  seasons  some  years 
ago,  returns  have,  however,  been  collected.  But  it  is  only  during 
the  last  two  years  that  voluntary  returns  have  been  collected 
throughout  the  United  Kingdom,  as  to  the  number  of  acres  under 
each  crop,  and  some  other  points ;  and  in  regard  to  the  important 
question  of  the  amount  of  produce  obtained,  either  per  acre  or 
in  the  aggregate,  no  returns  whatever  have  been  collected ;  nor  is 
any  really  reliable  information  available  on  the  subject 

To  meet  this  want,  the  managers  of  some  of  our  best  con- 
ducted agricultural  papers  have,  however,  bestowed  much  care 
and  trouble  in  collecting,  just  before  harvest,  from  correspondents 

*  Bead  before  the  Statistical  Society,  March  17, 1868 ;  and  afterwards  published 
w  a  pamphlet  under  the  title  of  '  Our  Daily  Food ;  its  Price,  and  Sources  of 
Supply.'    Longmans  &  Co. 

t  Agricultural  Returns  for  Great  Britain,  with  Abstract  Returns  for  the 
United  Kingdom,  1867. 
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residing  in  various  parts  of  the  United  Kingdom,  opinions  as  to 
the  probable  yield  of  the  various  growing  cro}>s.  But  as  these 
returns  are,  for  the  most  part,  made  before  the  crops  are  fullj 
ripe,  they  sometimes  require  considerable  correction  afterwards, 
either  in  consequence  of  changes  in  the  weather  before  the  produce 
is  secured,  or  when  the  results  of  the  thrashing-machine  are  known. 
Then,  again,  the  terms  "  average,"  "  over  average,"  and  *'  under 
average,"  which  are  chiefly  used  in  describing  the  crops,  are  bat 
vague  and  indefinite.  They  are,  nevertheless,  preferable  to  those 
which  are  much  more  definite,  when  applied  to  crops  not  even 
harvested.  The  returns  so  collected  are,  however,  not  only  the 
best  at  our  command,  but  they  are  extremely  valuable. 

As  will  be  known  to  many  agricultural  readers,  wheat  has 
been  grown  in  a  14-acre  field  at  Rothamsted,  for  twenty-five 
years  in  succession ;  the  field  being  divided  into  plots,  some  of 
which  are  unmanured,  one  receiving  farmyard  manure  every 
year,  and  the  rest  receiving,  each  a  different  description  or  amount 
of  artificial  manure  ;  the  same  description  and  amount  of  manure 
having  been  applied  to  the  same  plot  each  year,  for  the  last 
seventeen  years.  In  all  other  respects  the  management  is  the  same 
over  all  the  plots  each  year,  and,  as  far  as  possible,  the  same  year 
after  year.  The  result  is,  that  the  difference  in  the  quantity  and 
quality  of  the  produce  from  year  to  year  is  mainly  due  to  the 
varying  characters  of  the  seasons.  Most  of  the  plots  are  6-10th8 
of  an  acre  each,  but  some  are  only  3-lOths. 

A  fter  careful  observation  and  comparison,  for  a  series  of  years, 
of  the  fluctuations  of  result  obtained  in  the  experimental  wheat- 
field  from  year  to  year,  and  of  those  in  the  crop  of  the  country 
generally,  it  was  thought  that  the  results  of  certain  selected  plots 
would  afford  an  useful  indication  of  the  general  character  of  the 
wheat- crop  of  the  country.  Accordingly,  for  the  last  six  years, 
as  soon  as  the  crop  was  thrashed,  a  statement  of  the  produce 
obtained  on  those  plots,  together  with  such  comments  as  seemed 
appropriate,  has  been  sent  to  *  The  Times '  for  the  information  of 
those  interested  in  the  subject.  Referring  to  the  results  in  that 
field,  Mr.  Caird,  in  the  paper  above  quoted,  says  that  they  "  have 
proved  a  very  satisfactory  index  of  the  general  yield  over  the 
chief  wheat-producing  area  of  the  kingdom,  and  are  indeed  the 
most  instructive  series  of  facts  for  the  guidance  of  the  British 
corn-grower  on  record." 

However  valuable  and  instructive  the  records  in  question  may 
be,  in  default  of  more  directly  applicable  information,  it  will, 
nevertheless,  be  seen  further  on,  how  very  requisite  is  more 
exact  knowledge  than  can  possibly  be  acquired  by  such  means, 
to  enable  us  to  form  really  reliable  estimates  of  the  total,  or  even 
of  the  acreage,  yield  of  wheat  in  ihe  country  at  large.     At  the 
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same  time,  the  collecting  together  and  attempting  to  apply  such 
data  as  we  do  possess,  will  of  itself  be  instructive  ;  and  it  is 
hoped  that  the  course  of  the  inquiry  will  at  least  bring  to  view 
some  useful  and  important  facts  in  regard  to  the  home-produce^ 
the  foreign  supply^  and  the  consumption  of  wheat — undoubtedly 
the  most  important  staple  food  of  the  population  of  the  United 
Kingdom. 

For  various  reasons  it  will  be  convenient  to  confine  the  illus- 
trations to  the  period  commencing  with  the  harvest  of  1852  and 
ending  with  that  of  1868.  Thus,  so  far  as  the  results  in  the  expe- 
rimental wheat-field  supply  data  for  the  calculations,  the  season 
of  1851-2  is  the  first  that  could  be  brought  under  consideration  ; 
since,  before  that  date,  there  was  not  the  perfect  uniformity  in 
the  description  and  amount  of  artificial  manures  used  year 
after  year  on  one  and  the  same  plot  as  there  has  been  from  that 
date  to  the  present  time.  Again,  not  much  before  that  time 
had  producers  and  importers  thoroughly  made  up  their  minds 
as  to  the  influence  on  their  relative  positions  of  the  changes 
brought  about  by  the  establishment  of  free  trade  in  corn  a 
few  years  previously;  nor,  perhaps,  had  the  effects  of  that 
great  change  on  the  consumption  of  wheat  been  much  earlier 
thoroughly  established.  The  year  of  1851,  indeed,  terminated 
a  period  of  lower  prices  of  wheat  than  have  since  prevailed.  In 
the  week  ending  October  11th,  1850,  the  Gazette  price  of  wheat 
was  d5«.  6^^. ;  in  January,  1854,  under  the  combined  influence  of 
a  previous  bad  harvest  and  of  war,  it  reached  as  high  as  83^.  3c?. ; 
and,  during  the  past  summer,  the  price  has  been  twice  as  high  as 
in  the  first  year  of  the  period  selected  for  our  review.  In  the 
three  successive  harvest-years  (Sept  1 — Aug.  31)  1860-1,  1861-2, 
and  1862-3,  there  were  imported  into  the  United  Kingdom  from 
9,000,000  to  10,000,000  quarters  of  wheat  annually ;  or,  in  the 
first  of  the  three,  more  than,  and  in  the  other  two  nearly,  as  much 
as,  would  supply  the  total  flour  and  bread  consumed  by  one-half 
of  the  then  existing  population.  In  1854-5  and  in  1855-6,  on  the 
other  hand,  the  imports  were  only  sufficient  for  the  requirements 
of  about  17  per  cent  of  the  population.  We  have  also  had  within 
the  period,  in  1853  probably  the  worst  harvest  since  1816,  and 
in  1863  the  most  productive  since  1834. 

Since  1852  the  population  of  the  United  Kingdom  has  in- 
creased by  about  3,000,000  =  about  11  per  cent;  and,  inde- 
pendendently  of  this  great  increase  in  the  actual  number  of  the 
consumers  of  flour  and  bread,  it  is  pretty  certain  that  the  amount 
consumed  per  head  of  the  population  has  also  increased :  in 
Great  Britain,  perhaps,  more  directly  as  the  result  of  Free  Trade 
in  corn  and  the  relaxation  of  many  other  restrictions  on  trade 
and  commerce ;  but  in  Ireland  in  a  greater  degree  than  in  cither 
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of  the  other  main  divisions  of  the  kingdom,  as  one  of  the  results 
of  the  much-lessened  yield  of  the  potato-crop. 

Before  attempting  to  apply  the  results  in  the  experimental 
wheat-field  as  a  means  of  estimating  the  home-produce  of 
wheat  from  year  to  year,  and  the  consequent  dependence  of  the 
])opulation  on  home  and  foreign  supplies  respectively,  it  will 
be  well  to  show  how  far  the  fluctuations  in  the  experimental 
crop,  according  to  season,  have  accorded  in  general  character 
and  direction  with  those  in  the  crop  of  the  country  at  large,  so 
far  as  these  are  ascertainable  by  reference  to  the  published 
opinions  of  various  authorities,  at  the  time  or  afterwards. 

With  a  view  to  such  a  comparison,  and  at  the  same  time  to 
provide  for  reference,  in  a  very  summary  form,  an  useful  record 
of  the  wheat-producing  characteristics  of  the  different  seasons, 
there  are  given  in  the  annexed  Table  (I.),  some  of  the  results 
obtained  on  certain  selected  plots  in  the  experimental  wheat-field  ; 
and,  side  by  side  with  these  are  given  in  the  notes,  after  much 
more  detailed  compilation  in  the  first  instance,  and  as  correctly 
as  possible  consistently  with  the  necessary  brevity,  the  substance 
of  the  opinions  of  the  various  authorities  quoted.  The  plots 
selected  are  those  the  results  of  which  have  been  published  in 
^  The  Times '  shortly  after  harvest  for  some  years  past,  as  already 
referred  to,  namely: — 

Plot  3.  Permanently  unmanured. 

Plot  2.  Having  14  tons  of  farmyard  manure  each  year. 

Plots  7,  8,  and  9.  Manured  respectively  with  different  artificial 
mixtures,  the  same  being  applied  to  the  same  plot  each  year; 
the  mean  result  of  the  three  plots  being  taken  to  represent  ihe 
produce  by  artificial  manure. 

The  mean  result,  each  year,  of  these  three  widely-different 
and  characteristic  conditions — without  manure,  with  larmvard 
manure,  and  with  artificial  manure — is  taken  to  represent  the 
average  produce  for  the  year.  The  particulars  given  are — ^the 
actual  bushels  per  acre ;  the  bushels  per  acre  reckoned  at  the  uni- 
form weight  of  61  lbs.  per  bushel ;  the  weight  per  bushel ;  and 
the  proportion  of  com  to  100  of  straw. 

We  shall  refer  in  some  detail,  further  on,  to  the  question 
of  the  probable  average  yield  of  wheat  per  acre  in  the  three 
main  divisions  of  the  United  Kingdom ;  but  we  may  here 
observe  in  passing,  that  Mr.  Caird  *  estimates  the  average  yield 
in  England  at  the  present  time  to  be  28  bushels.  The  coincidence 
with  this  figure  of  the  results  obtained  on  the  selected  plots  in 
the  experimental  field,  as  recorded  in  the  Table,  is  sufficiently 
remarkable.  Thus,  if  we  take  the  column  of  actual  bushels  per 
acre,   we  have,  taking  the  average  of  the  16  years,   1852-67, 

♦  *  Our  Daily  Food/  &c.,  p.  12. 
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I.  good  promise  but  ripened  prematarely,  harvest  nnfavoarable  and  tedious;  little 
ilDK,  damp  harvest*  jrleld  reduced,  quality  much  damaged,  foreign  needed  for  mixing ; 
lUbulk,  bat  much  blighted,  mildewed,  and  grown;  considerably  below  average. 

below  average.  M.L.—Area  very'nnall,  unpromising,  crop  very  short  and  Inferior 
arvest  late^total  ^  below  average ;  be4  crop  in  France ;  last  crop,  and  potatoes  help ; 
L.  ft  0.— Bad  seed  time*  much  reduced  area,  crop  worse  than  lor  many  years  ptuft 

jfloally  productive,  best  since  1844.  ][.  L. — ^Land  fkvourable,  area  very  larve^  over 
rield  very  large  and  very  fine ;  imports  limited,  but  much  Indian  com ;  work  slack, 
d  time,  variable  season,  late  harvest^  bat  largest  crop  for  many  years  past. 

d  well,  crop  nearly  average.  F.  M.~8till  larger  area,  promised  well,  harvest  slow, 
r  moderate^  scardty  atooad,  prices  high,  consumption  reduced ;  potatoes  abundant^ 
?ry  various. 

rk  quantltjv  but  not  qnallty,  yield  various,  red  better  than  white,  much  early  thrashed, 
indiijon ;  large  Imports  frnn  both  Baltic  and  America ;  demand  for  the  Continent. 


[^Id.    F.  M. — ^I^ll«  Of  over  average  area,  fine  promise  throughout,  harvest  3  weeks 
d,  imports  generally  large,  stocks  heavy  thronghout,  harvest  1868  early,  and  much 


nise,  favourable  harvest,  fair  quantity,  good  quality,  stocks  large  at  harvest  1858,  and 
and  light,  about  average  quantity,  more  than  1866  or  1856,  and  quality  better,  straw 
ine :  very  early,  good  harvest ;  crope  above  average,  though  by  no  means  equal  1857. 


fldent,  low  weight,  mnch  old  at  harvest  1859;  Dec.,  130  average,  112  under.  15  over 

lan  1858,  very  much  straw;  imports  on! v  moderate ;  towards  harvest  1860  not  much 

crc^mnch  ii^jured ;  oonalderable  bulk,  but  yield  below  average  and  quality  inferior. 

d  well,  and  much  damaged  dnce.  ][.  L. — ^Fall  average  area,  backward  tai  spring, 
ion  very  bad,  mixture  required  for  grinding:  imports  large  Uironghout,  yet  small 
^  large,  but  new  wiU  be  required  early.    L.  ft  O.^Unnsually  wet,  stormy,  and 

.  .^  early  condition  poor,  yiekl  deficient,  quall^  good.  F.  M.— Deficient  area ;  winter 
ity  good ;  imports  large  flrom  America  and  Baltic,  prices  declined ;  at  harvest  1862 
goodquali^. 


isually  large  area  in  England,  Scotland,  and  Ireland;  progress  promisinK.  then 
;rlnd  with  Dome;  harvest  1863  three  weeks  early;  1862  crops  nearly  exhausted; 

«.  K.  L.— 'I^ess  area  than  last,  good  promise  throughout,  enormous  produce,  fine 
rop  known,  quality  seldom  equalled ;  imports  genendly  only  moderate,  and  foreign 
Much  above  average,  both  quantity  and  quality ;  best  yield  for  many  years. 

iMi  ][.  L.-> Average  area,  fair  promise,  quality  fine,  stoclcs  very  large.  F.  M.— 
ore  than  expected,  quality  fine ;  imports  smaU.  much  of  1863  still  left,  stocks  largp, 
— Good  soils  much  above,  poor  below  average  quantity ;  quality  above  average. 

acre  =s4  below  average,  only  good  clays  over  average.  ][,  L.— <^sme  up  well,  good 
ly  middling  condition.  F.  M.--Early  progress  generally  favourable,  quantity  fair 
much  old  left,  new  soon  in  market ;  early  importB  moderate,  stock  in  Mance  large ; 
;rage  quantity,  quality  moderate. 

?rably  below  1865,  much  damaged,  but  good  yield.     Savkdihsok  (rime9).-Slow 
y  harvest,  fair  quantity,  when  new  required  mixture.    F.  K.- Early  promise  good. 
^.      Dec  to  Feb..  little  from  America,  foreign  accumulating,  home  early  reduced, 
VflMS,  Oct.  10>— Quantity  10  to  12  per  cent,  deficient,  quality  above  average. 

id  quality.  BeJVe  Mesaenger—yMii  very  deficient,  quality  Inferior.  AoRfCDLTuaiar 
ling  quality;  (SeptW Universally  admitted  to  be  very  deficient  F.  M.~Winter 
air  condition,  very  uttle  old  left,  prices  high ;  large  arrival,  much  will  be  want(<d. 
le  old  lefL 

.  good  wheat  soils ;  126  over,  13  under,  67  average.  Sauxdbkmk  (  Timrn,  Aug.  13).~ 
y,  and  condition,  probably  never  equalled  on  good  soils ;  shallow  soils  dimppolnting. 
Us  yield  i  over  186T.    I,,    (  Timef,  Aug.  17.)— Area  over  average,  quantity  pr6be)>^  ^ 
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28^  bushels ;  or  if  we  take  the  average  of  17  yean  (that  is, 
including  the  high  produce  of  1868)  29^  bushels.  If,  on  the 
other  hand,  we  take  the  column  showing  the  number  of  bushels 
per  acre  of  61  lbs.  per  bushel,  the  correspondence  is  still 
closer.  Thus,  taking  the  average  of  the  16  years,  we  have  28-|- 
bashels ;  or,  taking  the  average  of  the  17  years  (including  1868), 
28^  bushels. 

It  is  also  remarkable  that  although  the  variation  in  the  weight 
per  bushel  from  year  to  year  has  been  so  great  as  in  several 
cases  to  show  a  difference  of  from  10  to  20  per  cent  between  the 
actual  number  of  bushels  measured  and  the  number  if  reckoned 
at  61  lbs.  per  bushel,  yet,  taking  the  average  of  the  16  or  the  17 
years,  there  is  a  difference  of  little  more  than  half  a  bushel, 
whether  the  actual  measure,  or  the  measure  reckoned  at  61  lbs. 
per  bushel,  be  adopted.  It  need  hardly  be  said  that  the  measure 
reckoning  61  lbs.  per  bushel  is  by  far  the  better  indication  both 
of  actual  and  of  relative  quantity. 

A  comparison  of  the  figures  in  the  Table  with  the  briefly- 
summarised  statements  from  various  sources  given  opposite  to 
them  also  shows  a  very  general  accordance.  Thus,  1863,  1854, 
and  1857  are  shown  to  have  been  the  most  productive  in  the 
experimental  field,  and  they  are  admitted  by  general  consent  to 
have  been  years  of  very  great  abundance  in  the  country  at  large. 

1853,  1860,  and  1867,  on  the  other  hand,  gave  very  deficient 
crops  in  the  experimental  field,  and  are  generally  admitted  to 
have  been  years  of  great  deficiency  throughout  the  country. 
The  figures  show  the  harvest  of  1853  to  have  been  not  only  ex- 
tremely bad,  but  the  worst  on  our  list ;  and  it  is  spoken  of  as 
having  yielded  the  shortest  crop  within  the  generation — indeed, 
the  worst  since  1816.  Owing  to  the  wet  condition  of  the  land, 
much  that  had  been  intended  for  wheat  was  not  sown  with  it  at 
all ;  and  much  land  throughout  the  country,  as  was  the  case  in 
experimental  field,  was  not  sown  until  the  spring.  Still  we  do 
not  for  a  moment  assume  that  the  crop  of  1853  was,  in  the 
country  generally,  at  all  relatively  so  deficient  as  was  our  own 
spring-sown  and,  in  every  respect,  very  exceptionally  bad  crop. 

Again,  1855  is  spoken  of  as  scarcely  average,  and  1856  as 
about  the  same,  or  perhaps  rather  better,  and  the  experimental 
field  indicated  (at  61  lbs.  per  bushel),  between  27  and  28  bushels 
in  both  cases:  rather  more,  however,  in  1856,  if  reckoned  in 
actual  bushels  measure.  A  correspondent  in  *  The  Times '  esti- 
mated the  crop  of  1855  at  8  bushels  per  acre  less  than  that  of 

1854,  and  this  is  very  nearly  the  difference  indicated  by  the 
figures  in  the  Table. 

In  regard  to  the  harvests  of  1862  and  1864,  the  agreement 
between  the  results  in  the  experimental  field  and  the  yield  of 
the  country  according  to  the  recorded  opinions,  is  less  marked. 
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It  is  probable  that,  in  the  country  generally,  the  yield  per  acre 
in  1862  was  not  more  than  average,  whereas  in  the  experimental 
field  it  proved  on  thrashing  to  be  rather  over  average.  The 
area  under  wheat  was,  however,  stated  to  be  unusually  large. 
The  imports  were  also  large,  and  the  harvest  of  1863  was  two  to 
three  weeks  earlier  than  usual,  and  hence  the  deficient  yield  per 
acre  in  1862  was  comparatively  little  felt,  and  little  influenced 
prices. 

The  crop  of  1864,  again,  was  more  above  the  average  in  the 
experimental  field  than,  according  to  the  records,  in  the  country 
generally.  But  the  wheat  crop  of  that  year  was,  relatively,  very 
much  better  on  the  heavier  than  on  the  lighter  soils.  It,  more- 
over, followed  the  enormous  crop  of  1863,  and  was  very  short  in 
the  straw  ;  both  of  which  circumstances  would  be  likely  to  lead 
to  an  under-estimate  of  its  amount.  Indeed,  it  was  afterwards 
spoken  of  as  having  yielded  better  than  had  been  expected.  The 
surplus  of  1863  no  doubt  materially  influenced  prices  during- 
the  harvest-year  1864-5 ;  yet,  considering  the  circumstances 
above-mentioned,  the  comparatively  small  amount  of  the  im- 
ports, and  the  very  low  price,  it  is  very  probable  that  the  crop 
of  1864  was  in  reality  considerably  better  than  the  published 
reports  represented  it  to  be,  and  perhaps  but  little  less  above  the 
average  than  was  the  crop  in  the  experimental  field. 

Leaving  out  of  consideration  for  the  present  the  question  of 
the  degree  of  correspondence  in  the  actual  amount  per  acre,  it  is 
obvious  that  there  has,  in  point  of  fact,  been  a  very  general  ac- 
cordance between  the  fluctuations  in  the  amount  of  produce  from 
year  to  year  on  the  selected  plots  of  the  experimental  field  and 
those  in  the  produce  of  the  country  generally  in  the  correspond- 
ing seasons.  The  coincidence  is,  to  say  the  least,  very  marked, 
and  much  greater  than  could  have  been  anticipated. 

Sources  and  Character  of  the  Data  available. 

We  will  now  attempt  to  apply  such  data  as  are  at  command, 
to  estimate  the  amount  of  the  home-produce,  the  foreign  sup- 
plies, and  the  consumption  of  wheat,  in  England  and  Wales,  in 
Scotland,  and  in  Ireland,  each  separately ;  also  in  Great  Britain, 
and  in  the  United  Kingdom  collectively,  during  the  16  harvest- 
years  1852-3  to  1867-8  inclusive.  It  will  be  necessary,  how* 
ever,  first  to  consider,  in  some  detail,  the  sources  and  character 
of  the  data  available  for  the  purpose  ;  in  order  that  a  judgment 
may  be  formed  of  how  far  the  conclusions  indicated  are  really 
reliable,  and  how  far  the  course  of  the  inquiry  serves  to 
show  on  what  points  more  comprehensive  and  exact  informa- 
tion is  essential  before  really  trustworthy  estimates  can  be  made 
in  reference  to  the  questions  proposed,  involving  as  they  do, 
considerations  of  such  great  national  interest  and  importance. 
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The  subjects  to  be  considered  are — the  extent  of  area  under 
wheat ;  the  average  ji^ld  per  acre ;  the  aggregate  home-produce, 
and  the  amount  of  it  available  as  human  food ;  the  quantities 
imported ;  the  number  of  consumers ;  the  consumption  per  head 
of  the  population ;  also  some  other  points. 

1.  Area  under  JVIieat. 

On  this  very  fundamental  element  of  the  inquiry  the  informa- 
tion at  command  is  extremely  incomplete.  Perhaps  the  average 
number  of  acres  under  wheat,  over  a  series  of  years,  may  be 
estimated  for  each  of  the  main  divisions  of  the  United  Kingdom 
with  approximate  accuracy.  But  a  consideration  of  such  records 
as  are  available,  showing  the  fluctuations  in  area  from  year  to 
year,  indicated  how  desirable  it  was,  if  possible,  to  estimate  the 
variation  from  the  average  area  each  year.  This,  therefore,  was 
attempted  with  regard  to  England,  which  comprises  so  large 
a  proportion  of  the  ^ total  wheat-growing  area  of  the  United 
Kingdom.  After  much  consideration,  however,  it  was  decided 
that  the  uncertainty,  or  deviation  from  the  truth,  in  regard  to 
the  area  in  individual  years,  might  be  equally  great,  and  the 
average  result  over  a  series  of  years  perhaps  less  to  be  relied 
upon,  if  it  were  attempted  to  estimate  the  area  for  each  indi- 
vidual year,  and  for  each  separate  division  of  the  kingdom,  in  an 
arbitrary  manner,  on  the  authority  of  mere  opinions  or  general 
statements. 

After  this  explanation  of  the  difficulties  which  beset  the 
question,  and  at  the  same  time  freely  admitting  the  great  need 
of  more  complete  and  reliable  data  on  the  point,  we  may  here 
state  generally,  that,  throughout  the  calculations,  we  have  esti- 
mated the  area  for  the  years  preceding,  intermediate  to,  or 
succeeding  those  for  which  returns  or  reliable  estimates  are 
available,  by  the  simpler  method  of  either  adopting  those 
returns  or  estimates  for  the  proximate  years,  or  distributing  the 
difference  between  the  figure  adopted  at  one  date  and  that  at 
another,  equally  from  year  to  year. 

For  neither  England  nor  Wales  have  we  any  official  records 
or  estimates,  of  the  area  under  wheat  for  any  year  within 
the  period  of  our  review  prior  to  1866.  We  have,  how- 
ever, for  England  Mr.  Caird  s  estimate  for  1850.  This,  so  far 
as  we  are  aware,  is  the  most  reliable  information  available  re- 
lating to  the  period  prior  to  the  recent  official  returns.  The 
approximate  accuracy  of  the  estimate  is,  moreover,  rendered  the 
more  probable  from  the  fact  that  it  gives  a  somewhat  higher 
acreage  than  the  recent  returns ;  the  general  opinion  being  that 
the  area  under  wheat  has  diminished  during  the  last  15  or  20 
years. 
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The  whole  of  our  numerical  records  in  regard  to  the  area 
under  wheat  in  England  are,  then,  as  follows : — 

Acres. 

For  1850— Mr.  Caird's  Estimate      3,416,000 

1866--"  Agricultural  Ketums "        ..      ..     3,126,431 


1867—        Do. 


do. 


3,140,025 


Adopting  these  figures  as  a  basis,  we  have  distributed  the 
difference  between  the  amount  estimated  for  1850  and  that 
returned  for  1866  equally  from  year  to  year  among  the  inter- 
mediate years. 

For  Wales  the  "  Agricultural  Returns  "  give  us  the  area  for 
1866  as  113,862,  and  for  1867  as  116,733  acres;  but  we  have 
no  information  whatever  in  respect  to  any  other  year.  We 
adopt,  therefore,  the  official  figure  given  for  1866  for  each  of  tlie 
preceding  years. 

In  Appendix- Table  I.,  p.  36,  will  be  found  the  estimated 
area  under  wheat  in  England  and  Wales  collectively  each  year, 
obtained  by  the  simple  addition  of  the  figures  adopted  for  each, 
as  above  described. 


In  regard  to  Scotland,  we  have  returns  of  the  acreage  under 
wheat  in  1854,  1855,  1856,  and  1857,  collected  by  the  Highland 
Society*;  and  for  1866  and  1867,  we  have  the  "Agricultural 
Returns,"  collected  by  officers  of  the  Inland  Revenue  Service, 
under  the  auspices  of  the  Statistical  Department  of  the  Board  of 
Trade.     The  results  are  as  follows  : — 

Table  II. — A  be  a  under  Wheat  ik  Scotland. 


Years. 


1854 
1855 
1856 
1857 

Mean 

1866 
1S67 

Mean 


Acres. 


168,216 
191,301 
263,328 
223.153 


211,500 

110,101 
111.118 


110,610 


AUTROBITT. 


\ 


>   Highland  Society. 


Inland  lievenue  Officers. 


♦  *  Agricultural  Statistics  of  Scotland.'    Reports  by  tlic  Highland  and  Agricul- 
tural Society  of  ^Scotland,  to  the  Board  of  Trade ;  1854,  1855,  1856,  and  1857. 
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It  is  generally  admitted  that,  of  late  years,  the  breadth  under 
wheat  in  Scotland  has  considerably  diminished,  and  that  under 
barley  and  oats  increased.  But,  according  to  the  figures  in 
the  Table,  we  have  within  the  period  of  the  four  consecutive 
years  for  which  returns  are  given  by  the  Highland  Society, 
a  variation  in  the  proportion  of  about  two  to  three ;  and  taking 
the  mean  of  the  four  years  1854,  1855,  1856,  and  1857,  we  have 
211,500  acres,  against  a  mean  of  only  110,610  as  returned  for 

1866  and  1867  by  the  Inland  Revenue  Department.  Here, 
then,  is  indicated  a  reduction  of  the  area  under  wheat  in  Scot- 
land by  nearly  one-half  between  the  two  periods,  separated  by 
an  interval  of  only  eight  years. 

Such  wide  differences  with  actual  returns  seem  to  leave  us 
in  as  great  uncertainty  as  when  we  have  to  rely  upon  carefully- 
considered  occasional  estimates  merely.  It  is  possible  that  part 
at  least  of  the  deficiency  of  area  returned  by  the  Highland  Society, 
in  the  first  two  years  of  their  record,  may  be  due  to  defective 
machinery  of  collection  in  the  earlier  years  of  their  inquiry  ;  and 
it  is,  perhaps,  more  than  probable,  that  the  returns  for  1866  and 

1867  are  lower  than  they  should  be,  on  account  of  the  suspicion  en- 
tertained by  the  occupiers,  of  the  object  of  returns  collected  by  the 
officers  of  the  Inland  Revenue  Department.  Such,  however,  are  the 
best  data  at  command  relating  to  the  area  under  wheat  in  Scotland. 

For  each  of  the  two  years  prior  to  the  date  to  which  the 
Highland  Society's  first  return  refers,  we  have,  for  want  of  any 
recorded  information  on  the  subject,  taken  rhe  mean  of  their  four 
yearly  returns ;  and  for  the  years  intermediate  between  the  two 
sets  of  returns,  we  have  distributed  the  difference  between  the 
mean  of  the  results  collected  by  the  Highland  Society  and  the 
mean  of  the  more  recent  returns  by  the  Inland  Revenue  officers, 
equally  from  year  to  year.  The  figures  so  obtained  will  be 
found  in  the  proper  column  in  Appendix-Table  II.,  p.  37. 

We  have  for  Ireland  a  return  of  the  number  of  acres  under 
wheat,  in  each  individual  year  to  which  our  inquiry  relates  * 
The  figures  are  given  in  Appendix-Table  IV.,  p.  39.  It  will 
\ye  well,  however,  briefly  to  call  attention  here  to  the  wide  range  of 
fluctuation  of  area  under  the  crop  during  the  16  years,  1852-1867, 
which  these  figures  relating  to  Ireland  indicate.  The  following 
statement  brings  to  view  the  most  striking  points  : — 

First  Year        1852         ....         353,506  acres. 

Last  Year        1867         ....         261,034    „ 


Maximum  Area 
Minimum  Area 

^Ican,  16  Years 


..   1857 
..   1803 


559,646     „ 
260,311     „ 


1852—1867   ....         380,084    „ 


*  ( 


Agricultural  Statistics,  Ireland.'     1868. 
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Thus,  the  area  in  the  first  year,  1852,  was  less  than  the  mean 
area  of  the  sixteen  years  ;  but  it  was  one-third  more  than  in  the 
last  year,  1867.  The  maximum  area  was  in  1857,  and  it  was 
more  than  double  the  minimum,  which  was  in  1863,  only  six 
years  later. 

The  fluctuation  of  area  under  wheat  in  Ireland,  during  the  last 
16  years,  has,  therefore,  according  to  the  returns,  been  very  great 
indeed ;  and  it  has  doubtless,  in  reality,  been  very  considerable^ 
The  general  result  indicated  is,  a  marked  increase  of  area  from 
1852  to  1856,  and  a  pretty  uniform  and  very  large  area  in  1856, 
1857,  and  1858  ;  then  a  marked  diminution  to  the  minimum  point 
in  1863,  and  from  that  time  to  the  present  comparatively  little 
change.  One  element  in  the  explanation  of  these  changes 
doubtless  is,  that,  during  the  earlier  years,  the  increase  of  area 
was  encouraged  by  a  more  than  average  yield  per  acre.  The 
yield  was  then  only  about  average  during  the  years  of  very  large 
area,  and  it  then  fell  gradually  to  a  very  low  point  in  1862. 
After  this  the  yield  per  acre  again  improved,  but  the  area  has 
not  in  a  corresponding  degree  been  enlarged. 

For  the  Isle  of  Man,  and  the  Channel  Islands,  the  *^  Agri- 
cultural Returns'*  give  us  the  area  under  wheat  in  1866  and  1867. 
But  the  area  and  the  population  of  these  islands  constitute  but  a 
fraction  of  1  per  cent,  of  the  area  and  population  respectively,  of 
the  United  Kingdom.  Nor  does  the  Registrar-General  in  his 
estimates  of  the  population  of  the  United  Kingdom  include  the 
population  either  of  these  or  of  the  other  islands  in  the  British 
Seas.  Upon  the  whole  we  considered  it  of  very  questionable 
utility  to  take  either  the  area  or  the  consumption  of  these  islands 
into  consideration,  and  we  have  therefore  disregarded  them  in 
the  calculations. 

We  have  now  described  the  sources  and  character  of  the 
data  at  command  for  the  purpose,  and  adopted  returns,  or 
estimates,  as  the  case  may  be,  of  the  area  under  wheat,  in 
England  and  Wales,  in  Scodand,  and  in  Ireland,  in  each  year 
from  1852  to  1867  inclusive.  The  area  for  Great  Britain,  and 
for  the  United  Kingdom,  can  obviously  be  estimated  by  simple 
addition  of  the  proper  items  so  determined.  Accordingly,  in 
Appendix-Table  III.,  p.  38,  for  Great  Britain,  and  in  Appendix- 
Table  v.,  p.  40,  for  the  United  Kingdom,  the  results  of  such 
calculations  are  given. 

2.   Yield  of  Wheat  per  Acre. 

It  will  be  obvious  that  a  knowledge  of  the  average  yield  of 
wheat  per  acre,  from  year  to  year,  is  as  important  an  element  in 
estimating  the   home-produce  of  the  country  as  is  that  of  the 
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number  of  acres  under  the  crop.  Yet,  it  must  be  admitted  that 
there  is  as  gjeat  a  deficiency  of  authentic  data  in  regard  to  this 
point  as  to  that  of  area.  The  only  returns  we  possess  are  for 
Scotland  in  1854,  1855,  1856,  and  1857,  and  for  Ireland  in 
regard  to  each  individual  year  included  widiin  the  period  of  our. 
inquiry.  For  England  and  Wales,  which,  taking  the  average 
of  a  series  of  years,  probably  comprise  more  than  85  per  cent 
of  the  total  area  under  wheat  in  the  United  Kingdom,  there 
are  no  returns  whatever. 

The  average  produce  of  wheat  per  acre  is  estimated  by  various 
authorities  at  amounts  chiefly  ranging  from  28  to  32  bushels ; 
some,  however,  go  below  28,  and  others  higher  than  32.  Per- 
haps the  most  generally*  assumed  average  is  30  bushels.  As 
already  referred  to,  in  1850  Mr.  Caird  *  estimated  the  average 
yield  per  acre  in  England  at  not  more  than  26^  bushels ;  and 
he  concludes  that,  at  the  present  time,  it  does  not  exceed 
28  bushels.  We  have  ourselves  always  doubted  the  trustworthi- 
ness of  the  more  sanguine  estimates. 

Granting  then,  that,  for  England  and  Wales,  comprising 
about  8^  tenths  of  the  whole  wheat-growing  area  of  the  country, 
we  have  no  official  data  whatever  upon  which  to  found  an 
estimate  of  the  yield  per  acre  from  year  to  year,  the  question 
arises — How  are  we  to  attempt  to  form  such  an  estimate  r 

It  is  freely  admitted  that  the  character  of  the  data  we  have  to 
fall  back  upon  is,  a  prioriy  anything  but  satisfactory.  Never- 
theless, it  is  believed  that,  in  the  absence  of  actual  records  on  the 
point,  the  most  reliable  estimates  available  may,  with  proper 
care  and  reservation,  be  founded  on  the  amounts  of  produce  per 
acre  obtained  from  year  to  year  on  certain  selected  plots  (as 
already  referred  to)  in  the  experimental  field  at  Rothamsted,  in 
which  wheat  has  now  been  grown  for  25  years  in  succession ;  on 
some  plots  with  the  same  condition  as  to  manuring  from  year  to 
year  during  the  whole  of  that  period,  and  on  others  for  die  last 
17  years. 

It  has  already  been  shown  that  the  fluctuations  in  the  average 
results  obtained  on  the  selected  plots  from  year  to  year,  have,  in 
the  main,  remarkably  corresponded  in  general  character  and 
direction  with  the  fluctuations  in  the  yield  of  the  crop  over  the 
country  generally.  But  in  attempting  to  get  an  actual  figure  to 
represent  the  average  produce  of  the  country  each  year,  it  is 
obviously  essential  carefully  to  consider  the  characteristics  of 
each  harvest,  both  in  the  experimental  wheat-field  and  over  the 
country  generally ;  and,  accordingly,  if  it  should  seem  desirable, 
to  subject  the  actual  experimental  results  obtained  to  modification 

♦  « Oar  Daily  Food/  &c.,  p.  12. 
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or  correction,  before  adopting  them  as  measures  of  the  average 
yield  of  the  country. 

There  is  sufficient  evidence  that  the  wheat  grown  at  Rotham- 
sted  pretty  generally  weighs  less  per  bushel  than  the  average  of 
the  home-grown  wheats  sent  to  the  English  markets.  This  is 
more  especially  the  case  with  the  grain  from  the  field  devoted  to 
the  growth  of  wheat  year  after  year ;  and  the  deficiency  is  gene- 
rally the  greater  the  less  favourable  the  season,  and  the  less  the 
actual  weight  per  bushel.  This,  so  far  as  the  ne^Ti-experimental 
fields,  and  the  heavily  artificially  manured  plots  in  the  experi- 
mental field,  are  concerned,  is,  doubtless,  partly  accounted  for  by 
the  greater  bulk  of  these  crops  than  that  of  the  average  in  the 
country. 

Considering  these  circumstances,  and  the  fact  already  referred 
to,  which  will  be  further  illustrated  presently,  that  a  given 
number  of  bushels  per  acre  may  represent  very  different  amounts 
or  weights  of  produce,  and  consequently  of  flour  or  bread, 
according  to  the  weight  per  bushel  of  the  grain,  it  was  obviously 
desirable  to  reduce  the  actual  number  of  bushels  per  acre  to 
bushels  of  a  given  weight.  In  the  construction  of  the  official 
returns  of  the  imports  and  exports  of  wheat  and  wheatrflour,  the 
quantities  entered  in  cwts.  are  reduced  to  quarters  by  calculations 
based  on  the  assumption  that  foreign  wheat  averages  a  little 
under  61  lbs.  per  bushel  measure.  On  the  other  hand,  the 
average  weight  of  home-grown  wheat,  over  a  series  of  years,  is 
probably  a  little  over  61  lbs.  per  busheL 

The  first  modification  to  which  the  actual  results  obtained  in 
the  experimental  field  are  subjected,  before  adopting  their 
indications  as  a  measure  of  the  yield  in  the  country  generally^  is, 
therefore,  to  reduce  the  produce  per  acre  into  bushels  of  the  uni- 
form weight  of  61  lbs. 

Again,  as  the  soil  in  the  experimental  field  is  a  somewhat 
heavy  loam,  with  a  subsoil  of  clay,  and  chalk  below,  and  is  of 
fair  average,  though  not  high  wheat  growing  capability,  it 
is  obviously  a  question  whether  in  the  seasons  most  favourable  to 
the  heavier  soils,  the  results  may  not  be  rather  jnore  favourable 
than  those  over  the  country  at  large,  including  the  shallower, 
lighter,  and  poorer  soils.  In  reference  to  this  point,  it  is,  of 
course,  to  be  borne  in  mind  not  only  that  it  is  in  such  sea- 
sons that  the  better  wheat  soils  will  have  the  advantage,  but 
also  that  it  is  upon  the  yield  of  these  that  the  average  much 
depends. 

The  season  in  which,  owing  to  the  circumstances  above  alluded 
to,  the  average  yield  per  acre  on  the  selected  plots  in  the  experi- 
mental field  might,  if  in  any,  be  supposed  to  be  in  excess  of  the 
average  of  the  country  generally,  is  1864,  as  already  referred  to. 
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Boty  as  then  explained,  it  is  considered  pretty  certain  if  tliere 
were  any  excess  at  all,  that  it  was  by  no  means  so  great  as  might 
be  judged  by  comparison  of  the  amount  with  the  accounts  given 
of  the  crop  about  and  immediately  after  harvest.  It  has  been 
decided,  therefore,  not  to  alter  the  figure  which  the  experimental 
results  indicate  for  the  average  yield  per  acre  in  1864;  and 
even  should  the  estimate  be  somewhat  too  high,  any  small  error 
in  that  direction  will  probably  be  more  or  less  compensated  in 
the  calculation  of  the  aggregate  produce,  inasmuch  as  the  area 
was  said  to  be  over  average,  whereas  in  the  calculations  it  has 
been  taken  at  the  average  only. 

On  the  other  hand,  there  are  two  years  in  reference  to  which 
there  could  not  be  any  doubt  that  the  produce  in  the  experimental 
field  was,  even  for  the  seasons,  exceptionally  bad.  These  are 
1852  and  1853,  to  the  latter  of  which  reference  has  already  been 
made.  For  these  two  years,  therefore,  we  disregard  the  results 
in  the  experimental  wheat  field  altogether,  and  arrive  at  an 
estimate  of  their  average  yield  per  acre  as  follows  : — According 
to  Mr.  Caird,  the  general  average  of  the  country,  irrespectively 
of  fluctuations  due  to  season,  would  be  about  27  bushels  at 
the  dates  in  question ;  and,  after  a  careful  consideration  of  the 
published  statements  respecting  the  crops,  it  is  assumed  that  in 
1852  the  yield  per  acre  was  one-sixth,  and  in  1853  one-fourth 
below  the  average  of  the  period. 

With  these  two  exceptions,  then,  and  after  reducing  in  all 
cases  the  actual  number  of  bushels  to  bushels  of  the  uniform 
weight  of  61  lbs.,  we  adopt  the  results  on  the  selected  plots  in 
the  experimental  field  as  representing,  as  nearly  as  any  existing 
data  enables  us  to  estimate  it,  the  average  yield  of  wheat  per 
acre  in  England  and  Wales,  in  each  of  the  sixteen  years,  1852- 
1867  inclusive.  The  results  will  be  found  in  the  proper  column 
in  Appendix-Table  I.  p.  36. 

It  will  be  admitted  to  be  a  confirmation  of  the  approximate 
correctness  of  the  estimates  thus  arrived  at,  that,  taking  the 
average  of  the  results  given  for  each  of  the  16  years,  we 
get  an  average  for  the  whole  period  of  28f  bushels  as  the 
yield  per  acre;  whilst  Mr.  Caird's  estimate  of  26^  bushels  for 
1850  and  28  bushels  at  the  present  time,  would  give  us  an 
average  of  about  27 j^  bushels  per  acre  per  annum  for  the  whole 
period.  When,  moreover,  it  is  borne  in  mind  that  we  have  had 
during  the  period  perhaps  more  than  an  average  of  favourable 
seasons,  the  agreement  between  the  two  estimates  comes  to  be 
nearer  than  at  first  sight  appears.  It  may  be  further  mentioned 
that  if,  instead  of  adopting  the  mean  produce  on  the  selected 
experimental  plots  each  year  modified  as  above  explained,  we 
take  as  a  basis  Mr.  Caird's  estimates  of  average  yield  in  1850 
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and  at  the  present  time,  and  modify  the  result  from  year  to  year, 
for  variations  of  season,  according  to  the  fluctuations  over  or 
under  the  average  on  the  experimental  plots,  we  get,  over  the 
16  years,  an  average  of  about  28^  bushels. 

For  Scotland  we  have,  as  already  noticed,  returns  of  the 
number  of  acres  under  wheat  in  1854,  1855,  1856,  and  1857  ; 
and  having  also  returns  of  the  aggregate  produce  of  wheat  in 
each  of  those  years,  it  is  obvious  that  from  these  data  the  yield 
per  acre  each  year  can  easily  be  calculated.  The  figures  so 
obtained  are — 

Buahels  per  Acre. 

1854      28f 

1855      264 

1856      271 

1857      271 

Mean 27| 

The  fluctuations  from  year  to  year  here  indicated  are  certainly 
very  small.  The  average  for  the  four  years  is  nearly  4  bushels 
less  than  that  of  the  estimates  adopted  for  England  and  Wales 
for  the  same  period ;  but  it  is  only  about  1  bushel  less  than  the 
average  for  England  and  Wales  over  the  16  years.  As  this  is  the 
case,  as  we  have  no  records  whatever  to  guide  us  ia  reference  to 
any  of  the  other  years,  and  as  according  to  the  estimates  the 
average  area  under  wheat  in  Scotland  amounts  to  less  than  one- 
twentieth  of  the  total  in  the  United  Kingdom,  and  to  not  much 
more  than  one-twentieth  of  that  in  England  and  Wales,  we 
adopt,  for  each  of  the  years  for  which  we  have  no  records  the 
same  figure  for  the  average  yield  of  wheat  per  acre  in  Scotland 
as  in  England  and  Wales.  This,  it  is  true,  as  the  above  com- 
parison of  the  results  for  the  4  years  is  sufficient  to  show,  may 
lead  to  inconsistencies  in  individual  years.  Nevertheless,  the 
method  of  estimate  adopted  is  the  best  available ;  and  the  fig^ure 
obtained  fdr  the  average  of  the  whole  period  will,  probably,  be 
not  far  from  the  truth ;  though,  perhaps,  slightly  too  high. 

For  Ireland  we  have,  for  each  of  the  16  years,  1852-1867, 
returns  of  the  area,  and  estimates  of  the  aggregate  produce ;  and 
from  these  data  the  average  yield  of  wheat  per  acre  each  year 
has  been  calculated.  The  results  are  entered  in  Appendix- 
Table  IV.,  p.  39. 

Below  is  given  the  average  result  over  the  16  years  for  each 
of  the  main  divisions  of  the  United  Kingdom  separately,  and 
for  the  whole  collectively.  The  figures  for  Great  Britain,  and  for 
the  United  Kingdom,  are  not  the  mere  arithmetical  means  of 
those  given  for  each  of  the  separate  portions,  but  they  are  the 
calculated  averages,  having  regard  to  the  area  under  the  crop  in 
each  separate  division : — 


"^ 
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Retubned  or  Estimated  Average  yield  of  Wheat  per  acre  per  annum 

over  16  years,  1852-1867. 

BtuheLk 

England  and  Wales 28i 

Scotland        27f 

Great  Britain        28f 

Ireland 23J 

United  Kingdom 28i 

Whatever  objections  may  be  raised  to  the  method  of  estimate 
adopted,  or  to  the  results  arrived  at,  in  regard  to  the  subject  of 
average  yield  of  wheat  per  acre,  so  far  as  individual  years 
are  concerned,  it  is  nevertheless  believed  that  the  figures  given 
above  represent  the  truth  as  closely  as  existing  information 
enables  us  to  approach  it.  Assuming  the  approximate  accuracy 
of  the  figures,  it  is  to  be  observed  that  England  and  Wales, 
comprising  about  85  per  cent,  of  the  whole  area,  also  give  a 
higher  average  yield  per  acre  than  Scotland,  which  comprises 
only  about  5  per  cent. ;  and  Scotland,  in  its  turn,  gives  a  higher 
yield  than  Ireland,  comprising  about  10  per  cent,  of  the  whole 
area.  Indeed,  owing  to  the  relatively  small  area  under  wheat  in 
Scotland,  and  in  Ireland,  the  average  yield  per  acre  for  the 
United  Kingdom  is  comparatively  little  below  that  for  England 
and  Wales. 

3.  Aggregate  Home-producej  and  the  Amount  of  it  available  as 

Human  Food, 

For  England  and  Wales  the  total  home-produce  is  ascertained 
by  multiplying  the  adopted  number  of  acres  under  the  crop  each 
year,  by  the  estimated  number  of  bushels  (of  61  lbs.)  per  acre, 
and  then  reducing  into  quarters. 

For  Scotland  the  same  method  of  calculation  is  adopted  as  for 
England  and  Wales,  excepting  for  the  four  years  1854-57, 
for  which  the  returns  of  the  Highland  Society  give  the  aggregate 
prodnce  in  bushels.  These  have  simply  been  reduced  to  quarters, 
regardless  of  weight  per  bushel,  which,  however,  from  the 
columns  showing  the  weight  per  bushel  in  each  of  the  very 
numerous  districts,  would  appear  to  be  on  the  average  notably 
below  61  lbs. 

In  the  case  of  Ireland,  the  "  Agricultural  Statistics  "  give  esti- 
mates of  the  aggregate  produce  each  year  in  quarters,  and  we  adopt 
the  figures  as  they  stand.  They  also  give  estimates,  by  weight, 
of  the  average  yield  per  acre ;  but  it  is  obvious,  on  dividing  the 
aggregate  produce  by  the  recorded  number  of  acres,  and  com- 
paring the  result  with  that  obtained  by  dividing  the  recorded 
average  yield  per  acre  by  61,  that  the  measure  is  given  at  a  con- 
siderably lower  weight  per  bushel  than  61  lbs. ;    lower  indeed, 

c 
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than  that  for  Scotland  ;  and  doubtless,  with  the  moist  climate  of 
Ireland  the  weight  per  bushel  does  in  reality  average  less  than 
in  Scotland,  and  less  still  than  in  England  and  Wales. 

Considering  the  comparatively  small  proportion  of  the  area 
under  wheat  in  Scotland  and  in  Ireland  to  that  in  the  United 
Kingdom  collectively,  there  will  be  but  an  immaterial  amount 
of  error  due  to  taking  the  measure  of  the  aggregate  home-produce 
of  those  divisions  of  the  kingdom  at  a  lower  weight  per  bushel 
than  61  lbs. 

It  will  be  obvious  that  the  total  home-produce,  however  accu- 
rately estimated,  does  not  correctly  represent  the  amount  of 
home-grown  wheat  available  for  consumption  as  flour  and  bread. 
A  certain  amount  is  each  year  returned  to  the  land  as  seed.  In 
estimating  the  amount  of  home-grown  wheat  available  for  con- 
sumption, therefore,  we  have  deducted  2\  bushels  per  acre  from 
the  estimated  total  produce.  Doubtless  less  than  diis  is  devoted 
to  seed,  over  a  large  proportion  of  the  area  sown  in  the  United 
Kingdom;  but  where  drill  husbandry  is  not  adopted,  the  quantity 
will  be  more.  It  will  probably  be  so,  more  especially  in  the 
greater  part  of  Ireland,  some  portions  of  Scotland,  and  in  some 
of  the  northern  counties  of  England.  Considering,  however, 
that  the  quantity  will  average  less  over  a  large  proportion  of  the 
chief  wheat-growing  districts  of  England,  the  estimate  of  2| 
bushels  will  probably  not  be  far  from  the  truth. 

4.  Imports. 

For  the  whole  period  to  which  our  inquiry  relates,  we  have 
returns  either  of  the  net  imports  of  wheat  and  wheat-flour,  or  of 
the  imports  and  exports,  from  which  the  net  imports  can  be 
<ralculated,  for  the  United  Kingdom  collectively,  and  for  Ireland* 
separately.  To  get  the  net  imports,  that  is,  the  imports  less 
exports,  for  Great  Britain,  we  have  obviously  only  to  deduct 
those  for  Ireland  from  those  of  the  United  Kingdom. 

Unfortunately,  although  we  are  thus  able  to  determine  from 
the  beginning  the  net  imports  into  Great  Britain,  there  are  no 
returns  for  England  and  Wales,  or  for  Scotland  separately,  prior 
to  1862.  From  that  date,  however,  we  have  returns  oJF  both 
imports  and  exports  for  England  and  Wales ;  and  from  186'5 
returns  of  imports  into  Scotland.  From  1862  to  1865  we  have 
determined  the  imports  for  Scotland  by  deducting  those  for  Eng- 
land and  Wales  from  those  for  Great  Britain;  and,  since  that 
date,  the  returns  for  Scotland  are  adopted ;  and  these  deducted 
from  those  for  Great  Britain,  give  the  results  for  England  and 

*  Excepting  for  18.54,  for  which  ve  have  DOt  been  able  to  procure  the  retoro*  ,* 
and  we  have  therefore  adopted  for  that  year  the  mean  of  the  figures  gixen  for 
1853  and  1855  respectively. 
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Wales.  There  is  some  immaterial  discrepancy  between  the 
results  so  obtained  and  the  actual  returns  for  Ehg-Iand  and  Wales, 
but  the  plan  was  adopted  to  prevent  inconsistency  with  the 
figures  given  for  Great  Britain. 

For  the  ten  years  preceding"  1862,  the  date  of  the  first  separate 
returns  for  England  and  Wales,  we  are  obliged  to  rely  entirely 
upon  our  own  judgment  in  the  apportionment  of  the  aggregate 
imports  into  Great  Britain,  to  England  and  Wales,  and  to  Scot- 
land, respectively.  We  have  done  it  as  follows : — For  the  six  years 
commencing  1862,  for  which  we  have  the  separate  returns  for 
England  and  Wales,  or  Scotland,  or  both,  the  average  total 
amount  available  for  consumption  per  head  per  annum  in  Scot- 
land has  been  calculated,  and  it  is  assumed  to  have  been  the 
same  in  each  of  the  preceding  ten  years.  This  figure  is  mul- 
tiplied into  the  number  of  the  population  for  each  year,  giving 
the  estimated  aggregate  consumption,  and  from  this  the  returned 
or  estimated  amount  of  home-produce  is  deducted,  and  the 
remainder  is  the  quantity  which,  it  is  assumed,  has  been  provided 
by  the  net  imports.  The  amount  of  net  imports  into  Scotland 
each  year  being  so  determined,  this  deducted  from  the  returned 
amount  for  Great  Britain  gives  the  estimated  quantity  of  net  im- 
ports into  England  and  Wales  for  each  of  the  ten  years  in  question. 

In  all  cases,  however,  the  imports  are  calculated,  not  for  the 
calendar,  but  jfor  the  harvest-years;  that  is,  from  September  1st 
of  one  year  to  August  81st  of  the  next.  In  the  case  of  the 
returns  for  the  United  Kingdom  for  the  whole  period,  and  of 
those  for  England  and  Wales  and  Scotland  during  the  last  few 
years,  this  has  been  done  by  the  aid  of  the  records  for  the 
individual  weeks  or  months.  But  so  far  as  Ireland  is  concerned, 
we  have  only  had  access  to  returns  for  each  separate  calendar 
year;  and,  in  its  case,  therefore,  the  imports  for  the  harvest 
years  have  been  calculated  by  adding  one>third  of  the  imports  of 
one  year  to  two-thirds  of  those  of  the  next.  For  example — for 
the  harvest-year  1852-3  (Sept.  1st,  1852— Aug.  31st,  1853),  one- 
third  of  the  recorded  imports  for  1852,  and  two-thirds  of  those 
for  1853,  taken  together,  are  assumed  to  represent  the  imports  of 
that  harvest-year,  and  so  on. 

Exceptional  deviations  from  the  above  methods  of  record  or 
estimate  are  explained  in  foot-notes  to  the  Appendix-Tables, 
unless  considered  quite  immaterial. 


5.  Population. 

There  are  official  returns,  or  estimates,  of  the  population  at  the 
middle  of  each  year  for  the  whole  perioil  of  our  review — for 
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England  and  Wales,  for  Scotland,  and  for  Ireland,  each  separately, 
and  for  the  United  Kingdom  collectively.* 

In  these  records  we  have  quite  sufficiently  accurate  information 
as  to  the  total  number  of  mouths  there  are  to  feed  in  each 
separate  part  of  the  kingdom,  and  in  the  whole  collectively,  each 
year.  As,  however,  the  figures  apply  to  the  middle  of  each  year 
we  have  estimated  the  number  required  to  be  fed  by  the  home- 
produce  of  each  harvest  and  the  imports  of  the  twelve  months  or 
harvest-year  following  (Sept  1  to  Aug.  31),  by  adding  to  the 
number  recorded  for  the  preceding  midsummer  two-thirds  of 
the  difference  between  that  figure  and  the  number  set  down  for  the 
next  midsummer,  thus  bringing  the  estimate  up  to  the  middle  of 
the  harvest-year ;  that  is,  to  the  end  of  February.  For  example, 
the  population  set  down  as  the  consumers  from  September  1st, 

1852,  to  August  31st,  1853,  is  calculated  by  adding  to  the 
official  estimate  for  midsummer  1852  two-thirds  of  the  difference 
between  that  estimate  and  the  number  given  for  midsummer 

1853,  and  so  on. 

But  in  estimating  the  quantity  of  wheat  required  by  a  givm 
population  by  reference  to  the  amounts  of  flour  and  bread  recorded 
in  the  dietaries  of  persons  of  different  classes,  sexes,  and  ages,  it 
is  obviously  necessary  to  take  into  account  the  number  of  each 
description  comprised  in  the  total  population.  It  happens,  how- 
ever, that  the  published  records  of  dietaries  do  not  enable  us  to 
go  more  into  detail  in  the  classification  of  consumers,  so  far 
as  sex  and  age  are  concerned,  than  is  represented  by  the  division 
into — males  under  fifteen  years,  males  over  fifteen  years,  females 
under  fifteen  years,  and  females  over  fifteen  years. 

The  following  table  shows  the  proportion  of  each  of  the 
above  divisions  in  100  of  the  population  of  England  and  Wales, 
in  1866 ;  and  it  is  only  for  England  and  Wades  that  we  have 
attempted  to  estimate  the  consumption  per  head,  according  to  the 
entries  of  bread  and  flour  in  published  dietaries. 

Per  Cent,  in  the  Total  Population  of  England  and  Wales  (1866). 


Ages. 


Under  15  years 
Over  15  years 


•  •     •  • 


Totals 


Malka, 


18-1 


30*4 


Fkhalkb. 


TOTAZ. 


18-0 


33*5 


48-5 


51-5 


36-1 
63*9 


100-0 


♦  Twenty-ninth  Annual  Report  of  the  Kegistrar-General,  &c.,  &c.  (1868),  p.  Ixx. 
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6.  Estimated  Consumption  of  Wfieat  per  Head  of  the  Population 

per  Annum. 

In  1855  *  we  published  estimates  of  the  average  amounts  of 
certain  constituents  of  food  consumed  in  24  hours  by  individuals 
of  both  sexes  and  different  ages.  The  results  were  obtained  by 
the  calculation  of  86  different  dietaries,  arranged  in  15  divisions, 
according  to  sex,  age,  activity  of  mode  of  life,  and  other 
circumstances.  It  was  obvious  that  the  data  were  applicable 
for  arriving  at  some  conclusion  as  to  the  amount  of  the  products 
of  wheat  grain — flour  and  bread — consumed  by  each  individual 
of  the  population. 

The  average  amount  of  wheat  consumed  per  head  of  the 
population,  per  annum,  had  been  variously  estimated  at  from 
6  to  8  bushels  for  the  whole  of  Great  Britain.!  According  to 
the  amounts  of  bread  and  flour  registered  in  the  dietaries  selected 
for  the  calculation,  we  were  led,  at  the  date  referred  to,  to 
conclude  that  not  more  than  from  6^  to  6|^  bushels  of  wheat 
were  consumed  per  head  of  the  population  in  England.  On 
reconsideration,  with  a  view  to  this  paper,  of  the  data  adopted, 
and  of  the  calculations  then  made,  we  are  disposed  to  conclude 
that  the  evidence  supplied  by  the  dietaries  then  consulted 
indicates  an  average  consumption  of  wheat  per  head,  of  the 
mixed  population  of  both  sexes  and  all  ages,  of  under  rather 
than  over  6  bushels  per  annum. 

The  records  of  dietaries,  even  now  at  command,  are  by  no 
means  so  satisfactory  as  might  be  desired,  as  a  basis  for  the 
calculation  of  the  consumption  of  wheat  by  an  average  indi- 
vidual of  the  population.  But,  on  a  careful  consideration  of  the 
more  recent  data,  and  a  comparison  with  the  old,  the  result 
so  indicated  is  that  the  consumption  of  wheat  in  England  and 
Wales  is  over,  but  probably  not  much  over,  6  bushels  per  head  per 
annum.  Against  this  estimate  founded  on  dietaries,  there  will 
be  found  in  detail  in  Appendix-Table  I.  (p.  36),  and  in  sum- 
mary overleaf,  the  results  arrived  at  on  the  basis  of  the  popula- 
tion and  of  the  amounts  of  the  home-produce  and  the  net  imports 
of  wheat  each  year. 

For  Scodand  and  Ireland  each  separately,  as  well  as  for  Great 
Britain  and  the  United  Kingdom,  the  average  consumption  of 
wheat  per  head  can  only  be  estimated  on  the  basis  of  the  popu- 
lation and  the  amounts  of  the  home  and  foreign  supplies.  The 
results  of  all  the  estimates  so  made  will  be  found  in  the  respective 
Appendix-Tables  ;  but  the  following  is  a  summary  of  them  : — 

*  'On  the  Sewage  of  London/  Jonrnal  Society  of  Arts,  March  9,  1855. 
t  Porter's  •  Progress  of  the  Nation,'  1851. 
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Estimated  Consumption  of  Wheat  per  Head,  per  Annum. 


Emolakd 

AWD  WaLKR. 

BCOTLAXD. 

GSRAT 

BRiTAnr. 

ISELAVD. 

Uhttsd 

KlKCDOM. 

First  8  yearg,   1852-53    to) 
1859-60   ..      .        ..      ../ 

Second  8  yean,  1860-61  to\ 
1867-68 / 

Biuhelfl. 
6-9 

6-3 

BuflhelB. 
4.2* 

4-2 

BiubelA. 
6-7 

6-0 

Boabela. 
2-7 

3-3 

BoahelB. 
51 

5-5 

Sixteen  years,  1852-53  to\ 
1867-8     f 

61 

4-2 

5-9 

3-0 

5-3 

We  have  now  explained  in  detail  the  nature  of  the  data  at 
command  in  relation  to — the  area  under  wheat ;  the  average  yield 
p(»r  acre ;  the  aggregate  home-produce,  and  the  amount  of  it 
available  for  consumption  ;  the  quantities  imported ;  the  number 
of  consumers ;  the  probable  amount  required,  or  the  amount 
available,  per  head — in  each  main  division  of  the  United  King- 
dom, and  in  the  whole  collectivelj. 

The  result  is  that,  unless  we  except  Ireland,  we  have,  neither 
in  reference  to  the  separate  portions,  nor  to  the  whole  of  the 
United  Kingdom,  the  necessary  data  relating  to  all  the  various 
elements  of  the  question.  Such,  however,  is  the  best  material  at 
our  command ;  and  should  some  of  the  results  to  which  the 
application  of  it  leads  betray  obvious  inconsistencies,  we  shall  at 
least  have  succeeded  in  adding  one  more  argument  to  the  many 
hitherto  adduced  in  favour  of  the  official  collection  and  publi- 
cation of  complete  agricultural  statistics. 


7.  General  Considerations. 

The  following  considerations  will  show  how  impossible  it  is, 
without  accurate  information  on  points  in  reference  to  which  we 
do  not  possess  it,  to  determine  accurately,  either  the  amount  of 
wheat  available,  or  the  amount  actually  consumed,  within  the 
limits  of  any  individual  year. 

However  correctly  the  avera/^e  area  under  wheat  over  a  scries 
of  years  may  be  estimated  for  either,  or  for  all  of  the  main  divi- 
sions of  the  kingdom,  the  breadth  is  known  to  vary  very  con- 
siderably from  year  to  year,  according  to  price,  stocks  of  home 
and  foreign  wheat,  prospect  of  foreign  supplies,  and  the  characters 
of  the  season  and  consequent  condition  of  the  land  at  the  time 
for  sowing.  Thus,  it  is  known  that  the  area  was  unusually  small 
in  1853 ;  and  it  was  reported  to  be  deficient  in  1801,  and  more 
or  less  over  the  average  in  1852,  1854,  1855,  1856,  1857,  1862, 

*  Assumed,  according  to  the  average  of  the  6  yeai-s,  1862-63  to  1867-68,  for 
which  returns  of  the  separate  imports  into  Scotland  are  available. 
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1863,  and  1864 ;  whilst,  owing  both  to  the  favourable  character 
of  the  seed  time,  and  the  high  price  of  wheat,  the  area  of  the  crop 
just  harvested  (1868)  was,  it  is  believed,  very  large.  But  of  the 
actual  or  numerical  result  of  all  the  above  influences,  upon  which 
so  materially  depends  ^e  accuracy  of  any  estimates  of  the  home- 
produce  in  any  particular  year,  we  have  had  absolutely  no  in- 
formation whatever  in  regard  to  England  and  Wales  prior  to  1866, 
very  incomplete  records  in  regard  to  Scotland,  but  much  more  com- 
plete so  far  as  Ireland,  about  one-tenth  of  the  whole,  is  concerned. 

With  regard  to  the  average  yield  of  wheat  per  acre  in  any 
individual  year,  there  is,  so  far  as  England  and  Wales  and  Scot- 
land are  concerned,  even  less  to  rely  upon  in  the  way  of  actual 
record^  than  in  regard  to  area. 

The  fiarvest-yeaVy  which:  is  the  period  of  consumption  to  be 
provided  for,  may  be  several  weeks  shorter  or  longer,  according 
to  the  earliness  or  the  lateness  of  the  two  consecutive  harvests. 
The  season  just  past  is  a  striking  illustration  of  this. 

The  stocks  of  home-produce  in  the  stack-yard  and  the  barn, 
and  of  foreign  wheat  in  the  granaries,  is  very  different  at  one 
harvest  period  and  at  another.  The  amount  carried  over  for 
consumption  from  one  harvest-year  to  another  will,  therefore, 
vary  very  much  accordingly.  The  quantity  held  over  by  the 
farmer  will,  other  things  being  equal,  be  at  a  maximum  when 
ths  prices  of  grain  are  low,  and  two  or  more  good  harvests 
succeed  each  other.  It  was  estimated  that  at  the  harvest  of  1865 
there  still  remained  over  from  the  extraordinary  crop  of  1863, 
and  the  abundant  crop  of  1864,  wheat  equal  to  from  one-third  to 
one-half  of  an  average  crop;  and  even  at  the  harvest  of  1866 
some  of  the  crop  of  1863  remained  unthrashed. 

On  the  other  hand,  when  wheat  is  kept"  for  two  or  three  years, 
a  considerable,  but  an  unascertainable,  loss  results  from  destruc- 
tion by  vermin. 

The  weight  per  bushel  of  the  grain  will  very  materially  affect 
the  amount  of  human  food  provided  in  a  given  measure  of  it. 
Thus,  not  to  take  extreme  ranges,  a  quarter  of  wheat  at  the 
adopted  average  of  61  lbs.  per  bushel,  will  weigh  488  lbs.  But 
if  the  bushel  weigh  only  59  lbs,  the  quarter  will  weigh  only  472 
lbs. ;  or  if  the  bushel  weigh  63  lbs.  the  quarter  will  weigh 
504  lbs.  There  is  here,  then,  a  difference  in  the  weight  of  a 
quarter  of  wheat  of  16  lbs.,  or  about  3. J-  per  cent,  below  the 
average  if  the  weight  per  bushel  be  only  59  lbs.,  or  of  16  lbs.,  or 
about  Sy  per  cent,  over  the  average  if  the  bushel  weigh  (33  lbs. ; 
obviously,  therefore,  a  difference  of  32  lbs.  per  quarter,  or  nearly 
7  per  cent,  between  a  crop  of  59  lbs.  and  one  of  63  lbs.  per 
bushel.  To  illustrate  the  point  in  another  way  :  if  the  average 
produce  for  the  year  were  28  bushels  per  acre,  and  the  weight 
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per  bushel  only  59  lbs.,  it  would  only  yield  about  as  much 
flour  as  27  bushels  of  the  average  weight  of  61  lbs. ;  but  if 
the  weight  per  bushel  were  63  lbs.,  the  crop  of  28  bushels  -would 
yield  about  as  much  flour  as  29  bushels  at  the  average  of  61  lbs. 
per  bushel. 

Not  only  will  there  be  a  considerable  diflerence  in  the  amount 
of  wheat  to  grind  in  a  given  measure  of  it,  according  to  the 
weight  per  bushel,  but  there  will,  generally,  be  not  only  a  lower 
percentage  of  flour,  but  flour  of  a  lower  quality,  from  die  wheat 
of  the  lower  weight  per  bushel.  Then,  again,  the  lower  the 
quality  of  the  wheat  the  more,  probably,  will  be  dressed  out  aod 
used  for  other  purposes  than  human  food. 

When,  on  the  other  hand,  the  supplies  are  large,  and  prices 
consequently  low,  a  larger  proportion  of  the  inferior  samples 
of  wheat  will  be  given  to  the  animals  on  the  farm. 

Lastly,  the  consumption  per  head  of  the  population  will  vary, 
not  only  according  to  the  amount  of  employment,  and  to  the 
price  of  wheat  itself,  but  to  that  of  other  consumable  articles. 
If  other  food-stuffs  are  cheap  a  low  price  of  wheat  may  but  little 
increase  its  consumption  ;  but  if  odier  articles  are  dear  a  rela- 
tively low  price  of  wheat  will  increase  its  consumption.  Again, 
if  both  wheat  and  other  articles  are  dear,  it  may  be  a  ques- 
tion whether  the  consumption  of  the  first  necessary  of  life — 
bread — will  not  be  increased  rather  than  diminished,  to  com- 
pensate for  the  necessary  abstinence  from,  or  limitation  in  the  use 
of,  the  less  absolutely  essential  food-stufPs. 

The  above  considerations  are  sufficient  to  show  that,  even  if 
we  had  complete  and  reliable  information  as  to  the  area  under 
wheat,  the  yield  per  acre,  the  imports,  and  the  population 
each  year,  there  are  still  other  elements  in  regard  to  which 
information  would  be  required,  before  really  trustworthy  con- 
clusions could  be  formed  on  some  important  points.  Thus,  as 
will  be  seen  presently,  the  inadequacy  of  the  data  in  regard  to 
individual  years  is  well  illustrated  by  the  great  difference  which 
the  results  of  the  calculations,  as  they  stand,  would  indicate  in 
the  amount  of  wheat  consumed  per  head  in  one  year  compared 
with  another. 

The  Results. 

The  following  Table  brings  together  some  of  the  results 
distributed  in  the  several  Appendix-Tables  in  regard  to  the 
number  of  bushels  available  for  consumption  per  head  of  the 
population,  in  each  main  division  of  the  United  Kingdom,  and 
in  the  whole  together,  within  each  harvest-year.  It  also  shows 
the  proportion  per  cent,  in  which  the  available  supply  was  due 
to  home  and  foreign  sources  respectively. 
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Obviously,  from  the  various  causes  which  have  been  enu- 
merated, the  figures  can  only  show  the  quantities  available  each 
year,  as  represented  by  the  estimated  yield  of  one  harvest  and 
the  imports  up  to  the  next  harvest,  and  not  the  amounts  actually 
consumed  within  the  limits  of  each  harvest-year. 

Taking  our  illustrations  on  the  point  from  the  figures  relating 
to  England  and  Wales,  it  is  obvious,  if  we  assume  6*1    bushels 
of  wheat  per  head   per  annum  to   represent   the  average  con- 
sumption, that  in  the  two  harvest-years  1852-3  and  1853-4,  either 
the  total   produce  must  have  been   greater  than   estimated,  or 
the  supplies   held   over  from  the  immediately  preceding  years 
must  have  been  considerable,  or  the  rate  of  consumption  at  that 
period  must  have  been  considerably  below  the  averag^e  of  the 
sixteen  years      According  to  published  reports,  a  good  deal  of 
the  crop  of  1849  remained  at  the  harvest  of  1850;  whilst  the 
imports  were  very  large,  and  foreign  wheat  had  accumulated 
up  to  the  harvest  of  1851,  though  the  home-produce  was  said  to 
be  closely  used  up.     The  reports  would  show,   however,    that 
stocks  of  both  home  and    foreign  wheat  were,  perhaps,  more 
than  usually  small  at  the  harvest  of  1852.     Most  probably  the 
consumption   per   head  was  lower  at  that  date;  but  we  must 
confess  to  the  want  of  sufficient  information  to  enable   us  to 
decide  upon  the  exact  explanation  of  the  facts. 

With  regard  to  none  of  the  other  years  is  there  any  difficulty 
in  showing  how  the  estimated  average  requirement  for  the  period 
could  be  met ;  but  rather,  on  the  contrary,  during  some  of  the 
later  years,  the  figures  indicate  a  surplus  which  the  mere  average 
consumption  would  not  dispose  of. 

Thus,  the  two  deficient  years  of  1855-6  and   1856-7    stand 
between  the  abundant  harvest  of  1854,  and  the  both  early  and 
abundant  one  of  1857.     Again,   the  deficiency  of  the  harvest- 
year  1859-60,  appears  to    be  compensated    by  the   surplus  of 
the    two   preceding   years.     Lastly,   the   deficiency  within   the 
harvest-years  of  1866-7  and  1867-8,  is,  apparently,  more  than 
compensated  by  the  surplus  available  for  carrying  on  from  year  to 
year  since  1861-2.     Indeed,  according  to  the  figures,  we  ought 
at  the  present  time,  to  have  considerable  stocks  of  either  home 
or  foreign  wheat  on  hand.    There  is,  however,  no  reason  to  suppose 
tliat  such  exist.     So  far  as  the  harvest-year  just  past  (1867-8)  is 
concerned,  the  high  prices  are  sufficient  to  show  that  there  was 
throughout  a  less    than  average  supply;    but   it  must  not  be 
forgotten  that  the  period  of  consumption  has  been  considerably 
shortened  both  by  the  somewhat  late  harvests  of  1867,  and  the 
very  unusually  early  one  of  1868 ;  and  hence  the  figure  repre- 
senting the  total  quantity  available  per  head  has  in  reality  had 
to  meet  the  requirements  of  considerably  less  than  the  assumeil 
period  of  twelve  months. 
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The  great  fluctuation  in  the  proportion  in  which  the  home 
supplies  provide  the  amount  required  of  the  staple  food  of  the 
population  from  year  to  year,  chiefly  due  to  season,  but  partly 
also  to  variation  in  area,  and  partly  to  gradual  increase  in  popu- 
lation, is  strikingly  illustrated  by  the  figures  given  in  Table  111. ; 
but  more  strikingly  still  by  those  in  Table  IV.,  below ;  which 
shows  the  proportion  in  which  the  estimated  produce  of  wheat 
of  each  harvest  provided  the  amount  required  during  the  suc- 
ceeding harvest-year,  supposing  the  amount  per  head  required  in 
each  individual  year  to  be  represented  by  the  average  amount 
per  head  per  annum  over  the  sixteen  years. 

Table  IV. — ^Proportion  supplied  by  the  estimated  Home-produce  each  Year, 
in  100  of  the  estimated  Average  requirement  i)er  Head  of  the  Poi)uIation. 


Harvest  Years. 

Ekc.laiid 
AHD  Wales. 

SCOTLAKD. 

Great 
Bbttaik. 

Ireland. 

Ukited  King  DOM. 

1852-3 

64 

36 

59 

47 

57 

1853-4 

56 

31 

63 

47 

51 

1854-5 

102 

36 

95 

67 

89 

1855-6 

75 

38 

71 

64 

70 

1856-7 

74 

52 

71 

67 

70 

1857-8 

93 

45 

88 

67 

87 

1858-9 

85 

48 

81 

74 

79 

1859-60 

67 

36 

63 

60 

62 

1860-1 

54 

29 

63 

64 

53 

1861-2 

64 

31 

61 

34 

58 

1862-3 

75 

33 

71 

27 

66 

1863-4 

97 

40 

92 

37 

87 

1804-5 

87 

S3 

81 

37 

77 

1865-6 

72 

26 

68 

37 

66 

1866-7 

57 

19 

54 

34 

53 

1867-S 

,         46 

17 

44 

30 

43 

Mean 

73 

34 

69 

49 

67 

Thus,  according  to  the  estimates,  the  home-produce  in  Eng- 
land and  Wales  was  in  1854  fully  equal,  in  1863  nearly,  and  in 
1857,  not  far  short  of,  the  estimated  average  requirements  of  their 
populations.  In  1853,  in  1860,  and  in  1866,  on  the  other  hand, 
little  more  than  half,  and  in  1867  even  less  than  half  of  the 
wheat  required  by  the  population  of  England  and  Wales  was 
home-produced. 

The  figures  relating  to  the  United  Kingdom  collectively,  show 
contrasts  nearly,  though  not  quite  as  great ;  and  it  is  to  be  borne 
in  mind  that  it  is  in  relation  to  the  whole  kingdom  that  the  in- 
dications are  of  the  greatest  interest  and  importance.  In  1854, 
1857,  and  1863,  the  home-produce  of  the  United  Kingdom 
supplied,  according  to  the  estimates,  from  87  to  89  per  cent 
of  the  average  amount  of  wheat  required  by  the  total  population ; 
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but  in  1867  only  43  per  cent,  and  in  1852,  1853,  1860,  1861, 
and  1866,  only  between  50  and  60  per  cent 

In  reference  to  the  figures  in  the  Tables  (III  and  IV),  and  ta 
the  above  comments  upon  them,  the  great  increase  in  the  number 
of  consumers  within  the  period  must  not  be  overlooked.  Thus, 
although  the  crop  of  1863  is  estimated  to  have  been  considerably 
greater  than  that  of  1854,  it  does  not,  owing  to  the  increase  of 
population  during  the  nine  years,  supply  so  large  a  proportion 
of  the  wheat  estimated  to  be  required,  as  does  the  smaller  crop 
with  the  smaller  population  nine  years  previously. 

The  fluctuations  due  to  season  alone,  apart  from  change  of 
area  or  increase  of  population,  is  better  shown  by  reference  to 
the  estimated  yield  per  acre.  The  column  of  estimated  average 
yield  per  acre  each  year  in  England  and  Wales  (Appendix- 
Table  I.,  p.  36)  will  well  illustrate  the  extent  of  this  variation. 
Thus  the  average  yield  per  acre  is  estimated  at  only  20^  bushels 
in  1853,  and  at  39|  bushels  in  1863.  That  is  to  say,  there  was 
a  difference  in  the  estimated  yield  per  acre  in  the  two  years  of 
19^  bushels,  equal  to  nearly  2^  quarters,  or  about  two-thirds  of 
an  average  crop,  due  to  variation  of  season  alone.  The  average 
yield  over  the  16  years  was  28J  bushels;  it  results,  therefore, 
that  the  crop  of  1853  was  8^  bushels  below,  and  that  of  1863  11 
bushels  above  the  average.  The  result  is,  that  whilst  a  very  bad 
season  may  yield  only  about,  or  even  less  than,  half  of  the  total 
wheat  required  by  the  population  for  a  year's  consumption,  an 
average  crop  has  (according  to  the  population  at  the  time)  pro- 
vided from  two-thirds  to  three-fourths,  and  an  extremely  good  one 
not  much  short  of  the  whole  required.  A  consideration  of  these 
facts  is  sufficient  to  show  the  vast  importance,  at  once  to  the  pro- 
ducer, the  importer,  and  the  consumer,  of  correct  and  early  infor- 
mation as  to  the  quantity  and  quality  of  the  crop  of  the  country. 

So  much  for  the  proportion,  and  especially  the  variation  in 
the  proportion  from  year  to  year,  according  to  season,  increase 
of  population,  and  other  circumstances,  in  which  the  home- 
produce  of  wheat  supplies  the  estimated  average  amount  required. 
There  remains  to  be  considered  the  equally  important  com- 
plementary element  of  the  question  —  what  proportion  of  the 
wheat  consumed  is  obtained  from  foreign  sources  ? 

Taking  the  average  of  the  whole  period,  the  percentage  of  the 
total  wheat  consumed  which  is  provided  by  imports  is,  of 
course,  the  difference  between  that  supplied  by  the  home-produce 
and  100.  But,  inasmuch  as  the  sum  of  the  home-produce  and 
the  imports  of  the  harvest-year  is  sometimes  more  and  sometimes 
less  than  the  average  amount  required,  it  is  obvious  that  the 
difference  between  the  average  total  amount  required  taken  as 
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100,  and  the  proportion  of  it  which  is  available  each  year  from 
Iiome  supplies  (as  shown  in  Table  IV.)  does  not  show  the  pro- 
portion actually  supplied  from  foreign  sources  within  each 
individual  year. 

The  following  Table  shows  the  proportion  in  which  the  actual 
imports  within  each  harvest-year  provided  the  estimated  average 
amount  consumed  per  head  of  the  population.  The  imports  being 
much  more  of  a  hand-to-mouth  supply  than  the  home-produce,  they 
may  be  supposed  to  be  much  more  nearly  consumed  within  the 
period  for  which  they  are  set  down ;  and,  consequently,  the  figures 
in  the  following  Table  relating  to  the  imports  will  so  much  the 
more  closely  represent  the  actual  dependence  on  imports  in  each 
individual  year,  than  do  the  figures  in  Table  IV.  show  the  per- 
centage in  which  the  requirements  of  consumption  were  actually 
met  by  the  home-supplies  within  each  year : — 

Ta^ble  V. — Proportion  supplied  by  the  Imports  each  Year  in  100  of  the  esti- 
mated Average  requirement  per  Head  of  the  Population. 


Habvest  Txabs. 

Enolakd 

AMD  WaLXS. 

• 

SOOTLAMSl. 

Qrkat 
BBiTAnr. 

Irklakd. 

Unttkd  KnrcDoic. 

1852-3 

30 

64 

32 

33 

32 

1859-4 

31 

69 

36 

23 

34 

1854-5 

10 

64 

15 

23 

17 

1855-6 

11 

62 

17 

23 

17 

185&-7 

20 

48 

22 

19 

23 

1857-8 

80 

55 

32 

26 

30 

1858-9 

18 

52 

22 

43 

25 

1859-60 

15 

64 

20 

56 

25 

1860-1 

49 

71 

51 

69 

53 

1861-2 

41 

69 

42 

83 

47 

1862^ 

41 

71 

42 

79 

47 

1863-4 

28 

69 

31 

73 

36 

1864-5 

18 

60 

22 

73 

28 

1865-6 

28 

90 

32 

69 

36 

1866-7 

31 

62 

34 

73 

38 

1867-8 

38 

79 

41 

76 

45 

Mean 

27 

66 

31 

51 

33 

Looking  for  our  illustrations  to  the  column  reflating  to  the 
United  Kingdom,  in  relation  to  which  the  subject  is  of  the 
greatest  national  importance,  it  is  seen  that  in  1854-5  and  1855-6 
the  imports  supplied  only  17  per  cent  of  the  estimated  average 
annual  requirements  for  the  population  of  the  period;  whilst, 
in  1860-61  they  supplied  53  per  cent,  in  1861-2  and  1862-3  47 
per  cent,  and  in  1867-8  45  per  cent 

The  average  amount  of  wheat  supplied  by  imports  to  the 
United  Kingdom  over  the  whole  period  of  sixteen  years  is  33  per 
cent  of  the  total  amount  estimated  to  have  been  consumed.     It 
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is  a  significant  fact  that  only  once  during  the  first  eight  years 
of  the  sixteen  was  more  than  this  average  proportion  proyided 
by  imports,  and  that  was  after  the  exceptionally  bad  harvest 
of  1863 ;  notwithstanding  which,  only  1  per  cent,  more,  or 
only  84  per  cent  of  the  total  for  the  period  (taken  at  the 
average  rate  per  head),  was  imported.  On  the  other  hand,  only 
once  during  the  last  eight  of  the  sixteen  years  were  the  im- 
ports below  the  average  proportion  of  33  per  cent,  of  the  total 
estimated  to  be  required ;  whilst  in  four  out  of  the  other  seven 
they  exceeded  the  average  proportion  by  from  one-third  to  one- 
half  or  more.  This  is  the  case  in  spite  of  the  fact  of  a  some- 
what higher  yield  per  acre  during  the  last  than  during  the  first 
eight  years.  Nor  can  it  be  accounted  for  by  the  degpree  in 
which  it  is  assumed  that  the  area  under  wheat  has  diminished 
of  late  years.  It  is  without  doubt  to  a  great  extent  due  to 
increase  of  population ;  but  if  the  estimates  are  to  be  relied  upon, 
there  has  also  been  an  appreciable  increase  in  the  consumption 
of  wheat  per  head  of  late  years ;  as  will  be  seen  by  reference  to 
the  summary  of  the  results  on  this  head  given  at  p.  22. 

To  conclude  in  reference  to  the  results  recorded  in  Table  V., 
it  may  be  observed  that,  whilst  taking  the  average  of  the  sixteen 
years  the  imports  of  wheat  to  the  United  Kingdom  collectively, 
supplied  only  33  per  cent,  of  the  whole  required ;  51  per  cent  of 
the  estimated  consumption  in  Ireland  over  the  same  period,  and 
only  31  per  cent  of  that  in  Great  Britain,  were  supplied  by 
imports.  In  each  division  of  the  country,  however,  the  proportion 
of  the  whole  consumed  has  considerably  exceeded  the  average 
during  the  later  years,  and  this  is  more  especially  the  case  so 
far  as  Ireland  is  concerned. 

Summary  and  General  Conclusions, 

Whatever  anomalies  may  appear  on  consideration  of  the  results 
to  which  our  data  lead  us  in  regard  to  individual  years,  little 
doubt  need  be  entertained  as  to  the  approximate  correctness  and 
the  value  of  the  average  results  over  the  sixteen  years,  or  even 
over  the  first  eight  and  the  second  eight  years  of  the  period,  so 
far  as  most,  if  not  all,  of  the  main  points — whether  relating  to 
home-produce,  imports,  or  consumption — ^are  concerned. 

The  following  Table  (VI.)  brings  together  at  one  view  the 
average  results  relating  to  each  of  the  separate  points  of  the 
inquiry,  for  the  first  half,  the  second  half,  and  the  total  period 
of  sixteen  years. 

It  would  lead  into  far  too  long  a  discussion  were  we  to  attempt 
to  direct  attention  in  detail  to  the  many  points  of  interest  brought 
to  view  in  this  very  comprehensive  Summary  Table.  How- 
ever interesting  in  certain  points  of  view  the  average  results 
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over  the  whole  sixteen  years  may  be,  it  is  obvious  that  the  real 
interest  centres,  so  far  as  most  of  the  subjects  are  concerned, 
much  more  in  the  direction  and  the  degree  of  progress  from  time 
to  time.  Leaving  the  reader  to  study  the  evidence  of  progress 
in  more  detail  in  the  Appendix-Tables,  it  must  suffice  here  to 
comment  on  some  of  the  most  prominent  points  which  a  com- 
parison of  the  results  during  the  first  half  and  the  second  half 
of  the  period  of  sixteen  years  illustrates. 

Enough  has  been  said  already  in  regard  to  the  sources  and  the 
character  of  the  data  upon  which  the  calculations  are  founded^  to 
indicate  on  what  points  the  results  must  be  accepted  with  some 
reservation.  With  this  precautionary  observation  we  may  pro- 
ceed briefly  to  direct  attention  to  some  of  the  most  important 
facts  which  the  figures  bring  to  light 

In  regard  to  England  and  Wales  the  result  is  that,  during  .the 
last  eight  years  as  compared  with  the  previous  eight,  the  area 
under  wheat  is  estimated  to  have  diminished  by  about  4  per  cent, 
the  yield  per  acre  to  have  increased  by  little  over  2  per  cent,  and 
the  total  produce  accordingly  diminished  by  about  if  per  cent. 
The  diminution  in  aggregate  home-produce  available  as  human 
food  amounts  during  the  last  eight  years  as  compared  with 
the  previous  eight,  to  1^  per  cent ;  whilst  there  is  an  increase 
in  the  imports  during  the  same  period  of  nearly  80  per  cent 
— the  result  being  an  increase  in  the  estimated  total  wheat 
consumed  in  England  and  Wales  during  the  last  eight  years 
as  compared  with  the  former  eight,  of  between  15  and  16  per 
cent.  Against  this  increase  in  consumption,  however,  there  is 
an  increase  of  population  of  little  more  than  9  per  cent  The 
result  is  a  diminution  in  the  proportion  in  which  the  total  con- 
sumption per  head  is  supplied  from  home  resources  from  79  to 
66  per  cent,  and  an  increase  in  the  proportion  in  which  the 
whole  is  supplied  by  imports  from  21  to  34  per  cent  Lastly, 
according  to  the  figures,  the  actual  consumption  of  wheat  per 
head  of  the  population  has  increased  by  nearly  6  per  cent. 

Since  the  apportionment  between  England  and  Wales  on  the 
one  hand,  and  Scotland  on  the  other,  of  the  imports  into  Great 
Britain  during  the  first  ten  years  of  the  sixteen,  was,  to  a  great 
extent,  arbitrary,  as  already  explained,  and  since,  owing  to  the 
comparatively  small  figures  for  Scotland,  any  error  in  the  appor- 
tionment would  more  afiect  the  results  in  regard  to  it  than  those 
relating  to  England  and  Wales,  the  indications  of  the  figures 
must  of  course  be  accepted  with  more  of  caution.  It  may  be 
stated  in  general  terms,  however,  that  whilst  the  area  under  the 
crop  and  the  total  home-produce  of  wheat  in  Scotland  would 
appear  to  have  diminished  during  the  last  eight  years  as  com- 
pared with  the  former  eight,  very  much  more,  proportionally. 
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than  in  England  and  Wales,  the  imports,  on  the  other  hand, 
mnst  be  supposed  to  have  considerably  increased ;  though  whether 
in  a  gfreater  or  a  less  proportion  than  in  England  and  Wales,  is, 
however,  doubtful;  as  also  is  the  indication  of  the  figures 
that  the  consumption  of  wheat  per  head  of  the  population  has  not 
increased. 

The  results  relating  to  Great  Britain  are  on  most  points  more 
satisfactory  than  those  relating  either  to  England  and  Wales,  or 
to  Scotland  separately.  The  conclusions  in  regard  to  Great 
Britain  are,  that,  comparing  the  two  periods  of  eight  years  each, 
the  area  has  diminished  during  the  latter  half  by  nearly  6  per 
cent ,  the  yield  per  acre  increased  by  rather  over  2^  per  cent,  and 
the  aggregate  home-produce  available  as  human  food  diminished 
by  about  2f  per  cent.  On  the  other  hand  the  imports  have 
increased  by  more  than  65  per  cent,  and  the  total  wheat  con- 
sumed by  about  14  per  cent  The  population  has,  however, 
increased  by  scarcely  8^  per  cent  The  general  result  is  an 
increase  in  consumption  per  head  of  more  than  5  per  cent.,  a 
decrease  from  75  to  64  per  cent  in  the  proportion  in  which  the 
total  consumption  per  bead  is  supplied  by  home  resources,  and  an 
increase  from  25  to  36  per  cent  in  the  proportion  in  which  it  is 
supplied  from  imports. 

The  records  both  as  to  home-produce  and  imports  are  more 
complete  for  Ireland  than  for  any  other  part  of  the  United 
Kingdom.  The  comparison  of  the  results  relating  to  the  two 
periods  of  eight  years  each  shows  a  diminution  of  area  under 
wheat  during  the  latter  period  of  about  29  per  cent,  a  diminution 
in  yield  per  acre  of  about  17  per  cent,  and  a  diminution  of  home- 
produced  wheat  available  for  consumption  of  about  43  per  cent. 
Against  this  very  marked  reduction  in  the  home  supplies  of 
wheat  in  Ireland  we  have  an  increase  in  the  imports  of  about 
123  per  cent ;  the  result  being  an  increase  in  the  total  wheat  con- 
sumed in  the  country  of  about  1.4  per  cent,  whilst  the  population 
has  diminished  between  5  and  6  per  cent  The  general  result  is 
an  increase  in  the  total  consumption  of  wheat  per  head  in  Ireland 
of  more  than  20  per  cent ;  and,  of  the  total  amount  consumed 
per  head,  there  has  been  a  diminution  in  that  supplied  by  home 
produce  from  66  to  33  per  cent,  and  an  increase  in  that  supplied 
by  imports  from  84  to  67  per  cent 

Obviously,  the  point  of  greatest  national  interest  and  importance 
to  consider  is  the  progressive  or  retrogressive  position  of  the 
United  Kingdom  as  a  whole  in  regard  to  the  several  elements  of 
this  wide  question.  Comparing  the  last  eight  with  the  preceding 
eight  years,  the  figures  show  a  diminution  of  area  under  wheat  in 
the  United  Kingdom  during  the  later  period  of  between  8  and 
9  per  cent.,  an  increase  in  yield  per  acre  of  about  1  -J  per  cent,  and 
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a  diminution  in  the  total  wheat  supplied  from  home  produce  of 
nearly  7  per  cent.  There  is,  on  the  other  hand,  an  increase  in  the 
foreign  supplies  of  about  74  per  cent  The  result  is  an  increase 
in  the  aggregate  amount  of  wheat  consumed  in  the  United 
Kingdom  of  between  14  and  15  per  cent.,  with  an  increase 
of  population  of  only  about  5}  per  cent.  Or,  looking  to  the 
consumption  per  head  of  the  population,  the  proportion  pro- 
vided by  the  home  supplies  has  diminished  from  73  to  60  per 
cent  ;  whilst  that  supplied  by.  foreign  produce  has  increased 
from  27  to  40  per  cent. ;  the  result  of  the  whole  being  an  increase 
in  the  total  consumption  ^  per  head  during  the  later  period  of 
between  8  and  9  per  cent.- 

The  main  conclusions  from  the  whole  inquiry,  more  especially 
those  brought  out  by  the  comparison  of  the  results  relating  to  the 
first  and  second  periods  of  eight  years  each,  may  be  briefly 
enumerated  as  follows  : — 

1.  There  has  been  a  reduction  in  the  area  under  wlieat  in 
each  of  the  three  main  divisions  of  the  United  Kingdom  ;  vety 
large,  proportionally,  in  both  Scotland  and  Ireland,  but  compara- 
tively small  in  England  and  Wales. 

2.  There  has,  pretty  certainly,  been  a  small  increase  in  the 
yield  per  acre  in  England  and  Wales,  and  probably  in  Scotland 
also,  but  a  marked  diminution  in  Ireland ;  leaving,  however, 
still  a  small  increased  yield  per  acre  in  the  United  Kingdom 
collectively. 

3.  There  has  been  a  diminution  in  the  aggregate  of  home- 
produced  wheat  in  the  United  Kingdom ;  proportionally  small 
in  England  and  Wales,  very  considerable  in  Scotland,  and  more 
considerable  still  in  Ireland. 

4.  Throughout  the  United  Kingdom  the  imports  have  in- 
creased enormously  of  late  years,  and  in  a  much  greater  propor- 
tion in  Ireland  than  in  Great  Britain. 

5.  The  aggregate  amount  of  wheat  consumed  annually  in  the 
United  Kingdom  has  increased  very  considerably ;  and  the  ratio 
of  increase  would  appear  to  be  much  the  same  in  Great  Britain 
and  in  Ireland. 

6.  In  the  United  Kingdom,  collectively,  the  population  has 
increased  considerably  ;  in  much  the  greater  proportion  in 
England  and  Wales,  less  than  half  as  rapidly  in  Scotland,  whilst 
in  Ireland  there  has  been  a  diminution. 

7.  The  proportion  of  the  total  wheat  consumed  per  head  of 
the  poy)uIation,  which  is  provided  by  home  produce,  has  much 
diminished  throughout  the  United  Kingdom  ;  in  by  far  the 
ii^reatest  degree  in  Ireland,  very  largely  in  Scotland,  but  much 
less  in  England  and  Wales  than  in  either. 
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8.  In  every  division  of  the  United  Kingdom  the  proportion  of 
the  total  wheat  consumed  per  head  which  is  supplied  from 
foreign  sources,  has  enormously  increased ;  in  by  far  a  gn^eater 
degree  in  Ireland  than  in  either  of  the  other  divisions  of  the 
Kingdom. 

9.  The  actual  consumption  of  wheat  per  head  in  the  United 
Kingdom  has  notably  increased  ;  more  than  20  per  cent,  in 
Ireland,  but  little  more  than  5  per  cent,  in  Great  Britain. 

]  0.  Taking  the  average  of  the  last  eight  years  the  figures  show 
the  annual  consumption  of  wheat  per  head  of  the  population  to 
have  been  about  6-^  bushels  in  England  and  Wales,  scarcely  4^ 
bushels  in  Scotland,  and  only  about  3]-  bushels  in  Ireland  ;  or,  for 
the  whole  of  Great  Britain,  about  t>  bushels,  and  for  the  whole 
of  the  United  Kingdom  about  5^  bushels  per  head. 

11.  Taking  the  population  of  the  United  Kingdom  (including 
the  Islands  in  the  British  seas)  to  be  at  the  present  time  about 
30,800,000,  and  the  average  consumption  of  wheat  per  head  per 
annum  to  be  5^  bushels,  this  gives  a  present  requirement  of 
rather  more  than  21  million  (21,175,000)  quarters. 

12.  It  may  be  estimated  that,  at  the  recent  rate  of  increase, 
the  population  of  the  United  Kingdom  will  have  increased  by 
rather  more  than  1  million  at  the  end  of  the  next  five  years  ;  and 
taking  the  rate  of  consumption  per  head  as  before,  at  o^  bushels, 
there  would  then  be  required  nearly  22  million  quarters ;  or, 
assunaing  the  consumption  to  have  increased  to  5%  bushels  per 
head,  the  requirement  would  then  be  nearly  23  million  quarters. 

13.  Unless  the  home-produce  of  wheat  in  the  United  Kingdom 
available  as  human  food  (about  12^  million  quarters  per  annum 
over  the  last  eight  years)  should  increase,  it  is  obvious  that,  even 
at  the  lower  rate  of  consumption  above  supposed  (5-^  bushels  per 
head),  there  will  be  required  over  the  next  five  years  an  average 
importation  of  between  9  and  10  million  quarters  annually. 


Rothamsted^  September ^  1868. 


[ArrKXDi  x-Tablks. 
d2 


36        Home  Produce^  Imports^  and  Consumption  of  Wheat. 


13 
9 


a 


< 


{>4 
O 

H 
O 

P-( 

H 
O 

Q 

-< 

O 

a. 

QD 

o 

o 


2 


H 

Q 
O 

P4 

I 

H 

o 

a 

O 

P 
O 

»^ 


GQ 

H 
P 


►4 


C    A    b 


t 

IS 

o 


ta 

s 

> 


3 

o 


ll 


* 

li 

0  0. 


lis 

O4OJ3 

:9 


I 


Is. 


8 

p 


3"? 


» 


^1 


.^or*— QO  —  aooeowWQOO-* 


to  r«  lO 


;coepocoot*eoop»oooi^  —  O«D»-fl0 


an 


r*eoooeor*»fteoocO'*-^<o^^^'^ 


s 

I 


CD 


•§aoo)(or«o40o«^0)OOiAt<*«-«t<*a>co 


I 


•-*»-<oOi-*»^^^oep©«w^-*^^  —  •^c* 


QO(oot^^o>o>0'^oocDaocoa»'^ooA 

OOODOOQOO>0>040>00000»^^*»^»-* 

o>«oio«o(N»oeoo>i-«otN.ooi-i'«9«r* 
e404coe><eoao*<)e4io«£>aoAtp(0^e9 

e 

goc^'^OOCQOiOaDOa.'-'ioeOp^ot^oo 

pm^    ^.^    m^   f^    w^   w^  ^m   m^    w^   r^  wa 

^W 

gokiotAOt^aooooiOOcooc^i-i^oao 

3  00  t»mrotoaot^oeoao<ooot^toeoio*n 
oT  «  »o -T -^  V  CO  ^  oT  o  eT  to  T^"  ci  o  00 '*' 


00 


o»coo«oc»ee>r<-04ngoeo(034a)aDao 

CO 

fMr«akO«*oeoeo«or«>o>f«o«o>i^too 

Ok 

00 

.^.^^^eii^e47ir«cDcO'^e«-^io(o 

'  '^ 

»^ 


eo 

o 


CO 

o 

00 

O 


'SmG4e9o<«e<iooeoo40«c4eocoei?eoe>«c«i^ 


00 

01 


«oi>.o»  —  eo»or'»o>  —  coioi'-oi*— eooDO 

(O«OcOt^l^t^>>*l^a0Q00000WO>O>*OO> 

<Otfd'<i*eoe4-'00»oor<««D<R'<4*eoe«i^o 


eoior«>a»-^eo»A«ooooci 
otr««oeoo40oo«o-^mi-< 
<^^^<^^^coeoeoeoco 

eocoeoflooooooccooococoeoeocococo  co 


-I*  (O  00  p  (O  o 
Ok  i»  in  ^  m  «o 
04  01  0«  C4  c*i  eo 


o 
o 

o 

o 
eo 


a 


o 


3 

U3 


s 

4* 


t 


9 

a 

*• 
•» 

a 

1 
I 

0 


Home  Produce^  Imports,  and  Consumption  of  Wheat.        37 


"< 
H 

O 

O 
H 

;n 

oa 

3 

Q 

O 

P 


a 

o 
W 

»^ 

O 

3 

•< 

O 

s 

<2 


M 

s 
2 

i 

Total. 

0« 

• 

"* 

If 

•-< 

•3i^a>i»^oeoe«r»oo)Oe»^oo<oeo    • 

"I  91  04  Ol  91  Ol  09  91  04  m  M  CO  C9  M  C»  M  O 

CD 

• 

a* 

•9«CQ*0(oe4a>ooc4eo<<fi»'^^aDt»C^ 

• 

1 

i'opulatton 

(middle  of 

harvest  years). 

0«C400>l^r«>tOO»CO'«OtO<MOO^oCr 

^iftoo(oak-«'0»04cootoi-^t^C4oo-ta» 
e«»nr«aor<-k00^cooiino»c4cooieor^ 

co>nr^ooo(Neoiotor^o>>-*eo-^tocoo» 

0»0>0»0»0000000^-^  —  i-i-*-^ 

ci««w«"eocoeoeoeoooeoeoeocoeoeo 

CO 

CO 
00 

s 

eo 

00 
CO 

m 

CO 
o 
CO 

» 
CO 

*-« 

r* 

•k 

o» 
•o 

O 

#> 

1^ 

» 
CO 
"* 

• 

M 

I 

1 

g-«0'-'«^*Aoo-^<«o»otea><«toooo 

§  oT  o  O  oT  00  to 't  "-T  r^  CO  r^  "-"^  t>r  CO  «  00     • 
Seo*A^cot^QOO)00~'00»'^^4»noo    ■ 
3  an  inir7toio«r:tn<ococo><«r«ioakeotO 

'-4Mdf-4QOOeO'MO>OCOi-iOI'«l»tf3 

iafMMOco9i«ncoo>oeo^OQO<^co 
COCl^cot*csiOr-'*©i»-«n'i>.cO'* 

Z't-^^c'eoooTirrVoooooooioeroo    . 
*oi-oo>"*ooo«coc4io^oot>-eoN    • 

fiOOCOit^QOOOO^^^^O-^fOeO 

w 

list 

.OIO^^OO^«COC«lt>.r*OO^I^  —  «N»5^ 

«S(or«>t»aoO'^<N-«Oto*oo5'^tocoeoC4 
fcp?oor*oooco^r«-TOO»oi>»oooo»^<o 

3  CO  i^i«t>-eoo»aco-*'0>^t«-»oeo  —  CO"* 
0*10  '<4<iotooo»^*«to^^*oco>c^eoe4'« 

1 

,'^iO>iO'*o>«oo»io»>-'*eoiotor«-»o^ 
(J'VinaOQOcor^^'^'Qoaoeoco^to'vi'aDeQ 
j3aoeooaooDeocor«c«>«r:F-«^eoO)0»coro 

av«coorooor^oo«c«reo"^«r— o-^oo 

3  o  eooeooco  —  <—o»t'0  —  o>i^«ft04r» 
^U3  kO'«<oo>r«aoce<4<iOior*iO'«c09«<« 

CO 

"* 
1ft" 

Oi 
CI 

w 

Hi 

^eiOaocoi»>o9i(OCicoQo»co  —  ift'^7 
'|e«c>iGilc4e<ic«coc4e^o<o3coeoeoci(Meo 

i 

OOco  —  ooeo»-  —  —  »-•-  —  —  —  ^000* 
,00  —  00<iOOOt^CO»0'*eO«^0  —  «-" 

|2miAo«ooeo»>»*ftco^9>r«oeoM-<ce 
5^f^ao.-^ooeooroo''r^co"'*f*co«^0^0 

•d^>i-cO9»<O'N9»a0»^COiO'^C00<'-4».^ 

|j 

J    1    53 

M<^iocer«epa»cOMC4eo^otot^apo> 

lOioomtfdtOKS^tocotococococococo 
oOoooooo-^aooo<x>aoaoQOaoaooococooo 

00 

CO 

S  ph 

S 

► 

OS 

§ 

3 


B 


a 


38        Home  Produce^  Imports^  and  Consumption  of  Wheat 


O 


P 

00 

a 


2 


P 
O 

I 

o 

w 

o 

00 

< 
•J 
P 
o 

H 
03 

•< 


P5 

PS 
O 


o 


^^G«WdOllO^F^A'^'^r«01r-iO)0>IO 


I 


iOiO<0<Ctfd»^<0^(0<O<0l^«0tO*0IO 


00 


•3  lo  •-• 


COC40«e><00»<»-^«OG«'«tCDOC«<OiA 


0>»-'00-1»-*'*0>COOOOO'^0«OOI©IO«00 

«O00O»»-i-iC«l^  —  O»©ir>*(NQ0^»—  00»^ 
<OOkC<1(CO»09*A00O^>^—  *taO(MiOC» 

«^*^cftr-«-f«ooo  —  eo»ooooc»i»ot>-o» 


o 
o 

.00 

0« 


^ 


.ooo»o»i—oo»»ooo^»-«^-co<or^'*o» 

Sos'^ooo>'Mtf3COccmtoi«(0«&'^eooi 
S'-«'QO»OOOIOOi-iO»kAt~ot^mcOOOOC? 

Of ..•^«.-...» 


pi 


•^•^oor<*»o«o»^o«ooo»>-^o»o»e<»^ 

gOO'^OI  —  »O00C0OC>'^O»«Ot-'*» 


& 


iftaooie^coincoeoaor«t^iooo*otot>« 


■^00 

gee 


iAOC(000tn;Ci0<00»t^f-4Q0to0Q>a 
<NO«»fttO«ft«000'^©l»*«»*t^00O 
oo»o  —  —  ■*«O00O0l«0^'NO»r^^ 


s 

o 

o 


00 


00 

-r 
o 

IS 
CO 


M 


0^ 


t>.ooeoMO'*»oc»©»o<r««oeO'-«iO-*' 

■  >QOi^aooocoaD^«or«o  '^-fiooor^c* 

■5t^aocoo»MdC4^(oeO(Oia'^tnf-eo<0(0 

JJoMO^wooeotfTr-or-^-fOaJOO  — 

§  ^  CO  —  ^•O«O*9«C'00'*l«C«Oe0  —  coooo 

^©"oTto  (N  «  «  "«J»^—  Oi"— eo  r>.  lO  cccTooto 


(O 


to 

«b 

04 


St*' 
«S  CI 


OB  _  ^  _ 


I 


e«  O  lO  e*  r«- 

«  91  #0  Ol  CI 


s 


9«<oei(Ooo»(C'-<0'^'^ 
c?C4O4C4cocoeocoe«i0ico 


tf3r<-mc4^oooooc>i 

r-iO«O<OtO0?00lOd 


■'♦'tOQOOW'^tOO 

otocooi^eoQOt^ 


oooo'Mcdooc^QOkOCMOtceeoor^tntot^ 
cococcececcococooocococ'^GOcoccscro 


00 
C4 


O 

to 

CO 
00 
aO 

CO 


M 


8  5  r. 


CO  -^  tft  (O  to  00  O) 
(N  CO  4>  «0  to  t^  00 

lO  *A  K3  m  to  m  m 

0000000000000000 


CO  —  Ol 


Jil 


oo 


to 

00 


eo  T  »o  to  »o  00  oa 
91  eo  ^  tft  CO  r«  00 

(C  to  CO  to  CO  to  CO 
00  00  00  OO  K  00  00 


5  I 


Home  Produce,  Imports,  and  Consumption  of  Wheat.       39 


a 

I 

a 

<5 


c 


D 

CO 

o 
O 

•< 

oT 

flS 

s 


S 

A 
O 
M 
CU 
I 
U 

o 

W 

o 

OB 
tf 

-< 

*A 
U 
o 


3 


05 


i 

1 

•^  ^  r«  <^  to  (O  00  tf)  lO  <«  m  01  CO  CO  M  01  ct     • 

0 

a 

as 

s 

1 

• 

09 

si 
^1 

•^Ot^t^t*-«oaoe9r»aotO'^C904*^o«eo    ; 

<o 

'|«^Oo6oOi^<^'^0«C>l04e<l040<G<l 

*rt 

1 

at 

« 

ae 

li 

^<«««»^0>OO0400(OO00^^^O0>e4' 

<* 

•^ 

e 

i? 

• 

1^ 

S  cu 

eq                                                                   "^^ 

|4 
11" 

Oi'«tiioo)e9^o«<«eceotoooooe40«rotf^ 

M 

• 

»oaooaoo«0f-i^«oo«>f)04o»^r<.oio> 

■«J« 

'^oicoQOCoot^eoa»oo«A9»ioo<0'ir-' 

01 

• 
00 

« 

e><^00)0)0)aoaorot«t^<0(0(Dtf>iOiO 

00 

^ .  *ri«  |Z 

•«(kM»»»»«»»*«kaia>a>»» 

* 

fl 

<o;o<o*n*oxdto>oio>oio«oiAioaoin<n 

10 

O-^tf3l»«0r<-Ai0Q0(001C>ltoOC0t^ 

<o 

.ao»o^ooeooapo4«ooioO'<i*oi(oeoco 

Ma 

_j 

00 

5 

■gioaoooarioooeotoeoo'o'c'oo^rrr^reo    • 

r>4 

0 

Sootoaoo»aoo«oin^oooeococ>io>ioi 

00 

,• 

H 

t^ 

» 

QP«.       ».,...       ..»»..•.« 

m 

D 

—  ^^  —  •-i'MG»iM(M'N'MC>l(N9«C«G»< 

G« 

J" 

*    • 

9» 

jg 

,-3 

^ 

it 

00 

1 

U 

§— «o^co'^«oo*iCco--eo«o''^«'-    . 

•A 

500"*3>»O  —  QOOnr-QOOOeO-tOltOCOQO      • 

■M 

si; 

:3t»iO'«*a'<foos<Nc«ii»t>.to«<«>oto 

-  2 

cy                            

» 

2 

■>4 

§1^ 

••♦•loeo-fj^^ootftoo  —  eosop^cow^»« 

»* 

^■x-^cj-^oococ^o  Meoe»«^o»<oeo^ 

eo 

^ 

g.ag| 

lit 

3>c<4>coo)aQoa»oo-^eooo«oo)iAOitoO 

0 

m 

to 

0 

0 

• 

^4 

i 

3| 

tr:•ft^.O)C9t»-^*noO^QOCO'MeOO^«''^ 

r<. 

,=;oO"o  —  «o»o;o»'»Q&r^'«f00ooo  —  '♦« 

(O 

•?  T  co5»i  c*o»  -M  «ooo----eorC«rr«oicr»o«> 
SkOcoO(MC>l<o<i>«ot^toaocorN.«Moo4>» 

3—  —  -^lototot^  ^c<ioo«oo0flcooao*^« 

• 

'-I 

«o 

^4 

• 

b 

0 

•^ 

Q 

H 

1 

|15 

S  tfi*!*  00l'-'*<S>»ft»S^«^«piO»O^^<N>O 

s? 

JCIOIC<l9IOICtO)<NC4—  .-40404O«e<ie<l04^ 

c« 

a 

-«!►, 

ta 

'*- 

2 

d. 

«o«o'*io3«0'*io«oeo»^^wo»0'*e« 

•^ 

H 

? 

.U30)aoi^ia-^(oi^'-«<<toi  —  aOQOO>eOf-« 

00 

H 

1^ 

^1 

||Jtfiooc4r^O(00)'^««i04eoeO'^o>^0-« 
5  CO  «©-•  »oo»  oro^+to^woto^ooTf-To 

0 

0 

n 

0 

»^/ 

l! 

_                          0 
(McO'<i>>oot^ooo>o^e^eo4'>o<e»ta^ 

S^ 

»nmomiAirdiOio<e<Dto«oco«occ<o<o 

82 

5geo 

S 

OOOOaOOOQOQOQOQOQOQOQOXCOaOOOOOQO 

2 

o 


00  hjk 

S.S 


hi 

to  Ob 

2  o 

S  ^ 

g  o 

«  g 


40        Home  ProdtuXy  Imports^  and  Consumpsian  of  Wheat, 


< 

n 


3 

g 

4 


o 


^r«aoo»0»e«ceeoeQQo»oioo»tf»o>o^ 


I 


rHi>HOOf-4'-*«^i^C4e<l01«^'^i-^OIM 


I 


09 


lo  00  ^  m  F^  -^  (o 


3o»aoeoooi^(OMioo 
o»aoeoo)ooao-^»«a>o«oQeo 

^»-«(o-^o«oie4f-ioc4nooaoaoo)^ 
ror*r«i>>ooooaoaoaoa>OkO)o»o>OQO 


00 

» 

CO 

00 

00 
01 


& 


'^«oc4Q»^C4-^roOaD«t^oo^aoeo 
(C'^^Ocoo'^OODeotAr'.Qoeot'.eo 

-Si09»o-^oo»e9oo>-^r«eooeo^^ 
9COO)F^^C|cooo4i^r«oor«oocooiV 
3  eo  ^e^o^Oki^ootoioaotoiNOto 


I—  ^*^i-*F-C»«  —  ^^CICI 


(A 

O 

00 

O 


fOO-iiroOMXioooiOfDeoeo 
poaooor^cocoaoooi^ocico-^ 
oo»ococoeoo»'4'0(Nr«oo<o 

o«9ieo»oe4to»Qtoe90k*0'^Qeoeoio 
oo>ao<o>-'0>»c>^0)0)C)0)0>-«eOi-< 
oioo)9i«-«i»tn  iooooiO)»oeo(00 

>otoo4eo<^io^'^ooro>coiot<rt^o» 


M 

* 

to 
eo 


^<oe4oeo»o^toc4coa)r>.eoiotno«o 

.«0'<«'-^OO>-r>.r«^aO«OOOOQ^O»O9 

|j'*»ot'-eO"*o>QOioo^ooox^o5«ooo^ 

8 " 


■seofor^totoeoi^'^toiA'M'xOiOooiOV 

©lt>.O'*"^'Q»Ot>.00Q0r«-»O»O'*'* 

'^e9^t»Ci-«  —  oo)-«aoaOi--iO)-^K:oo 


oa)«oc<ieo<oooio)^G<<«otf3e4oa}-^ 


00 

o 


o 


oieoOi^o9»i^o><4>oo<o-^aoootop^<N'<-i 
ooi'«'<4*o-^C4«tic<«^^tn^GMeoo»e4«ft 
o>-^'-ooiAcio»i-iAiaiA9eoo>o«)oo 


kO 


*i 


(Deoc*ic>4>-<  o»iftao-^t^o«;otctcco'-4 
to.cc«ia>c4oeor^t^*A«N-^t^ao<oO 


otN.co^t^«oeo^o«eoi>-(oco^o)in 


I 

J! 

U3 


a 


V 


H 


eo 

»-< 
o 

* 

o 

00 
e^ 


t^^^^yv^^ff  ^v^  iflpi&^*wi 


oio^t<-toeo^<oe<«k0^oo>OCio«-M!3' 
C>io«^c«oieo«oo4oi04e4eoeoooe«io>««^ 


00 
04 


3  *• 


"-"eOor^^-^jtMOt^i^t^oeo*--*©©! 

eo«oo^>a»«c*io<tOi-«'^e4o>o»aoi^  — 
.r<-0)o»^too»QOt^(OF-*o>;0'«toaAO)ao 

pooeo«D«oeo»Oi-ra><NooeoQO«<po»ooo" 
voi-ieot<*^ooeO'~io»Okc<io>ao^^M« 

'^OOOC'G4i^i-iO0»Q0a0C0«0<CCOtOt^ 

'♦^^'♦^^^Tfcoeoeoeoeoeoweoeo 


CD 
00 

to 
e* 
eo 


« 


^(OtOh«QpA«Oi->e^lcp^tOcpi^000» 

eO'4i»o<ot^QOO»o^c>ie^^ie<6»^oD 


eo 
I 

ioiotoioio*n*otfatO(c<ofc 
Goaoooacrooooooooooaoooao 


00 


(o  to  V7  5p 

00  00  00  90 


7 

ii 


EXHAUSTION  OF  THE  SOIL, 


IN    RELATION  TO 


LANDLORDS'  COVENANTS, 


AJXD    THB 


VALUATION    OF 


UNEXHAUSTED  IMPROVEMENTS. 


BY 


JOHN  BENNET  LAWES,  Esq.,  F.E.S.,  F.C.S., 

OP  ROTHAMSTED,  HERTS. 


READ  BEFORE  THE  LONDON  FARMERS'  CLUB, 

APRIL   4,    1870. 


LONDON: 
PftiBTED    BY    ROGERSON    AND    TUXFORD,    265,    STRAND,  W.C. 

1870. 


Re-pbinted  bt  DUNN  k  CHIDGEY,  155  &  157,  Ki>^qhlakd  Road,  N.E. 

1889. 


EXHAUSTION  OP  THE  SOIL 


IN    RELATION    TO 


LANDLOEDS'     COVENANTS, 


AND  THE 


VALUATION     OF    UXEXHAUSTED 

IMPEOVEMENTS. 


A  COMPABISON  of  the  conditions  and  practice  of  the  agriculture 
of  this  country  at  the  commencement  of  the  present  century  with 
those  which  now  prevail,  brings  to  view  many  important  changes. 
Among  the  more  prominent  of  these  is,  not  only  the  great  im- 
provement in  those  descriptions  of  machinery  which  were  then  in 
use,  but  the  introduction  and  the  very  general  employment  of  a 
large  number  of  entirely  new  machines,  adapted  to  almost  every 
requirement  of  the  farm.  Not  less  characteristic  elements  of 
modern  advancement  and  still  continued  progress  are  the  improve- 
ment of  our  breeds  of  stock  and  the  use  of  oilcakes  and  other 
purchased  cattle-foods,  contributing  to  early  maturity  and  to  a 
greatly  increased  production  of  both  meat  and  animal  manures  ; 
and  lastly,  the  employment  of  large  quantities  of  imported,  and 
what  are  conmionly  called  artificial  manures,  as  distinguished 
from  those  which  are  produced  on  the  farm  by  the  feeding  of 

niC)C&» 

Coincident  wibh  these  changes  has  been  a  rise  in  the  value  and 

rent  of  land  ;  much  greater  in  the  case  of  the  light  than  in  that 

of  the  heavier  descriptions  of  soil.    As  a  necessary  consequence, 

too,  much  more  capital  has  been  expended  in  the  cultivation  of  a 

given  area  of  land. 

b2 
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It  is  remarkable  however  that,  with  all  these  important  changes 
of  onr  own  time,  little  or  no  alteration  has  taken  plaoe  either  in 
the  actnal  coarse  of  cropping  of  any  district,  or  in  the  views  which 
prevail  in  regard  to  the  necessity  of  adhering  to  a  fixed  rotation 
of  crops.  It  would  seem  as  if  the  systems  of  cropping  estab- 
lished by  our  forefathers  were  proof  against  all  improvement  in  spite 
of  the  vastly  improved  means  of  mechanically  working  the  soil, 
and  the  enormous  increase  in  onr  resources  of  elements  of  fertility, 
in  the  form  of  cattle  food  and  manures  imported  from  all  quar- 
ters of  the  globe,  and  of  artificial  manures  manufactured  at 
home. 

Nor  is  it  less  surprising  that,  with  the  extensive  and  greatly 
increasing  use  of  expensive  purchased  cattle  foods,  the  value  of 
which  can  only  be  recovered  in  the  meat  and  manure  conjointly, 
there  should  be  no  recognised  basis,  or  general  system  adopted, 
for  the  valuation  of  unexhausted  manures,  as  between  the  out- 
going tenant  on  the  one  hand,  and  the  landlord  or  the  incoming 
tenant  on  the  other. 

As  a  contribution  to  the  discussion  of  these  important  points, 
I  propose  to  direct  your  attention  this  evening  chiefly  to  the  fol- 
lowing questions  : 

1.  Whether,  in  order  to  preserve  the  soil  from  exhaustion,  it  is 
necessary  to  enforce  a  fixed  rotation  of  crops  ? 

2.  What  are  the  best,  or  most  generally  applicable  means  at 
our  disposal,  for  the  estimation  of  the  value  of  unexhausted 
manures  ? 

In  considering  the  characters  of  soil  with  the  view  of  arriving 
at  some  answer  to  these  questions,  it  will  suffice  to  confine 
attention  mainly  to  the  definition  and  illustration  of  those  quali- 
ties which  are  commonly  known  under  the  term  "  condiHonj*^  and 
to  pointing  out  the  distinction  between  these  and  those  which  are 
due  to  what  may  be  called  the  rwrmal  or  natural  fertility  of  the 
land.  There  are  other  points  of  great  practical  and  scientific 
interest  in  connection  with  the  state  of  fertility  of  our  soils 
which  must  be  left  out  of  view  on  this  occasion ;  as,  for  in- 
stance,  the  influence  of  the  various  crops  we  cultivate,  the  special 
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effects  of  ordinary  and  of  various  artificial  manures,  the  loss  of 
fertilizing  matters  by  drainage,  and  allied  subjects. 

The  word  "  condition  "  is  in  very  common  use  amongst  agricul- 
turists. It  is  said  that  a  farm  is  "  in  condition,"  or  "  out  of  con- 
dition," or  in  "  high  condition,"  or  in  "  low  condition."  These 
terms  are  well  understood  to  imply  certain  states  of  fertility 
which  it  is  not  easy  to  define  more  accurately  in  a  few  words. 
As  I  understand  it,  the  word  "condition"  refers  to  those  ele- 
ments of  fertility  in  a  soil  which,  whether  they  have  been 
accumulated  by  natural  processes  or  by  the  art  of  the  fanner, 
are  capable  of  being  turned  to  account  in  the  growth  of  crops 
within  a  limited  period  of  time,  and  which  by  such  growth  are 
soon  exhausted.  "  Condition  "  is,  therefore,  something  dtogether 
distinct  from  the  natural  or  standard  fertility  of  the  soil.  A 
soil  may  be  naturally  very  fertile,  but  at  the  same  time  very 
much  out  of  condition  ;  or  it  may  be  naturally  very  poor,  but 
in  veiy  high  condition. 

As  an  illustration  of  a  soil  brought  into  a  state  of  high  con- 
dition by  natural  causes,  I  will  quote  a  few  sentences  from  that 
great  writer  on  the  science  and  practice  of  agriculture,  M. 
Boussingault.     In  his  Rural  Ecmwmy^  p.  231,  he  says: 

"  By  far  the  finest  crops  of  Indian  com  in  America  are  obtained 
upon  breaks  of  virgin  soil.  I  do  not  hesitate  to  say  that  the  hus- 
bandman gains  from  six  hundred  to  seven  hundred  times  his  seed 
under  such  circumstances.  The  mode  of  proceeding  upon  these 
breaks,  which  I  have  frequently  witnessed,  deserves  to  fix  attention 
for  a  moment. 

"The  planter  chooses  the  end  of  the  rainy  season  for  cutting 
down  the  trees  and  the  brushwood ;  everything  remains  where 
it  falls  until  it  is  sufficiently  dry  ;  fire  is  then  set  to  the  heap,  and 
the  burning  extends  and  lasts  even  for  weeks ;  all  the  smaller 
branches  are  completely  consumed,  nothing  but  the  charred  trunks 
of  the  larger  trees  remain.  As  the  rainy  season  is  about  to  return, 
a  man  with  a  pointed  stick  in  his  hand,  goes  over  the  burnt  sur- 
face, making  a  hole  of  no  great  depth  at  intervals,  into  which  he 
throws  two  or  three  particles  of  Indian  com,  over  which  he  draws 
a  little  earth,  or  rather  ashes,  by  a  slight  motion  of  his  foot.    This 
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primitive  mode  of  sowing  terminated,  the  planter  takes  no  fnrther 
heed  of  the  crop ;  his  habitation  is  often  so  remote,  that  he  never 
visits  it  until  harvest  time ;  the  rain  and  the  climate  do  all  the 
work :  it  is  unnecessary  to  hoe,  the  bnming  having  destroyed  all 
the  plants  that  were  indigenous  to  the  soil,  nothing  rises  but  the 
grain  which  has  been  sown.  In  such  fields  stems  of  Indian  com 
are  frequently  seen  of  the  height  of  from  twelve  to  fourteen  feet 
It  rarely  happens  that  more  than  tlu*ee  consecutive  crops  are  taken 
from  the  burnt  soil ;  and  the  last,  though  still  veiy  superior  to 
anything  which  we  can  obtain  by  our  regular  husbandry,  is  not  to 
compare  with  the  first.  As  there  is  no  want  of  forest,  it  is  held 
preferable  to  make  a  fresh  break." 

Here,  then,  we  have  an  instance  of  a  soil  in  which  the  elements 
of  productiveness,  having  been  gradually  accumulating  for  ages, 
are  so  far  exhausted  by  three  successive  crops  of  Indian  com,  as 
to  render  it  more  profitable  to  abandon  the  land,  and  clear  a  fresh 
portion  of  the  forest,  than  to  cultivate  the  same  area  over  again. 

As  a  more  familiar  instance  of  land  brought  into  '^  condition  " 
by  somewhat  similar  causes,  may  be  mentioned  old  pasture,  when 
broken  up  and  converted  into  arable  land. 

The  cases  of  land  brought  into  "  condition  "  which  it  is  much 
more  to  our  present  purpose  to  consider  are,  however,  those  in 
which  the  immediate  productiveness  is  due  directly  to  the  outlay 
of  capital  by  the  tenant,  by  the  use  of  purchased  foods  and 
manures,  by  means  of  which  the  land  is  brought  for  a  longer  or 
shorter,  but  still  only  for  a  limited  period,  into  an  increased  state 
of  productiveness. 

By  way  of  special  illustration  of  such  "  condition  "  I  will  direct 
attention  to  some  results  selected  from  among  those  of  the 
numerous  field  experiments  made  on  my  farm  at  Rothamsted. 

Table  1  shows  the  produce  of  dressed  com  per  acre,  on  certain 
plots  of  a  field  which  has  now  grown  wheat  year  after  year  for 
more  then  a  quarter  of  a  century.  Up  to  the  autumn  of  1843  it 
was  under  the  ordinary  system  of  cultivation  of  the  farm.  In 
1839  it  was  dunged,  and  grew  turnips;  in  the  next  four  years  it 
was  unmanured ;  growing  barley  in  1840,  peas  in  1841,  wheat  in 
1842,  and  oats  in  1843.      In  the  autunm  of  1843  the  first  experi- 
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mental  wheat  crop  was  sown,  and  the  twenty-seventh  is  now 
growing.  Portions  of  the  field  have  received  no  manure  whatever 
daring  the  whole  period  of  the  experiments ;  one  portion  has  been 
manured  with  fourteen  tons  of  farm-yard  dung  every  year ;  and 
the  remainder,  divided  into  numerous  plots,  has  been  manured 
with  different  descriptions  of  artificial  manure,  the  same  descrip- 
tion having,  as  a  rule,  been  applied  to  the  same  plot  year  after  year 
for  the  last  eighteen  years,  and  in  •  some  cases  for  longer 
still. 

Table  2  shows  the  results  of  experiments  in  which  barley  has 
been  grown  year  after  year  in  an  adjoining  field  for  many  years  in 
suGoession,  the  nineteenth  crop  being  now  in  the  ground.  The  plan 
of  manuring  has  been  very  similar  to  that  in  the  wheat  field ;  por- 
tions  being  always  unmanured,  part  being  annually  mannredwith 
farm-yard  dung,  and  the  remainder  divided  into  plots,  which  have 
been  manured,  respectively,  with  different  descriptions  of  artificial 
manure. 

Table  3  relates  to  experiments  on  the  four-course  rotation  of 
turnips,  barley,  clover  or  beans,  and  wheat;  and  therefore 
illustrates  ^'  condition ''  of  soil  under  circumstances  much  more 
nearly  representing  the  ordinary  practices  of  agriculture  than  when 
com  crops  are  grown  year  after  year  on  the  same  land.  The 
twenty-third  crop — tha.6  is  to  say,  the  third  crop  of  the  sixth- 
course — ^is  now  growing.  The  root-crop,  commencing  each  course 
has  been  liberally  manured  with  mineral  manure,  ammonia-salts, 
and  rape-cake ;  both  roots  and  tops  have  been  carted  off  the  land, 
and  the  three  following  crops  of  each  course  grown  without  any 
further  manuring.  Clover  was  the  third  crop  in  the  first  course  ; 
but  as  it  will  not  grow  once  in  four  years,  beans  have  been  substi- 
tuted for  it  in  the  succeeding  courses.  The  Table  gives  the  aver- 
age produce,  respectively,  of  turnips  (roots  and  tops),  barley, 
beans,  and  wheat,  over  the  second,  third,  fourth,  and  fifth  courses 
— that  is  to  say,  over  the  four  complete  rotations  in  which  beans 
were  grown. 

Table  4  gives  the  results  of  experiments  conducted  for  fourteen 
years  in  succession  on  permanent  meadow  land,  the  plan  of 
manuring  having  been  much  the  same  as  in  the  case  of  the  experi- 
ments on  wheat  and  barley. 
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EXHAUSTION  OF  THE   SOIL, 

IDLUSTRATIONS    OF    CONDITION. 

Table  1. 
Whf(U  gr&fvn  year  after  year  on  the  same  land. 


Plot  2. 
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ILLUSTRATIONS  OF  CONDITION. 


Table  2. 
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Plot  2a 

Plot  2aa. 

Superphosphate,  and 

Superphosphate 
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ILLUSTRATIONS  OF    CONDITION. 


Table  3. 


Artificially  Manured,  Four-course  Rotation,  conducted  through  5^  CouraeSj 

(22  Years,)  1848-1869. 
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ILLUSTRATIONS  OF   CONDITION. 


Table  4. 
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I  will  first  call  attention  generally  to  the  fact  that,  throughout 
the  long  periods  over  which  these  various  experiments  have  ex- 
tended, "  condition  "  has  been  equally  kept  up  whether  farm-yard 
dung,  or  certain  chemical  mixtures,  were  employed. 

In  the  wheat  experiments,  the  average  of  26  successive  crops 
grown  by  farm-yard  dung  was  83f  bushels  ;  the  average  on  plot 
16,  of  21  crops  grown  by  artificial  manure  was  86^  bushels,  and 
the  average  on  the  same  plot,  over  13  years  when  the  artificial 
manures  were  increased  in  quantity,  was  39^  bushels.  In  the  case 
of  the  barley,  the  average  over  18  years  of  farm-yard  dung  was 
48  bushels,  and  over  18  years  of  artificial  manures  47^  bushels. 
In  the  rotation  experiment,  after  the  removal,  on  the  average  of 
the  four  courses,  of  about  13^  tons  of  turnips,  which  had  been 
manured  with  artificial  manure,  the  average  of  the  four  crops  of 
barley  was  48f  bushels,  and  that  of  the  four  crops  of  wheat  86| 
bushels.  Lastly,  in  the  14  years'  experiments  on  permanent  mea- 
dow land,  the  average  produce  of  hay  where  farm-yard  manure 
was  employed,  was  43  cwts.,  and  where  artificial  manures  were 
used  54  cwts.  It  is  obvious,  therefore,  as  I  have  already  said,  that 
land  can  be  kept  in  "  condition,"  whether  continually  under  grain 
crops,  under  rotation,  or  growing  natural  grasses,  equally  by  farm- 
yard dung  or  artificial  manures. 

I  will  now  endeavour  to  illustrate  the  extent,  or  limit,  of 
duration  of  "  condition  "  of  soil,  under  different  circumstances  of 
manuring. 

I  will  refer  first  to  the  experiments  on  wheat,  the  results  of 
which  are  given  in  Table  1.  During  the  first  eight  years,  from 
1844  to  1851  inclusive,  plot  16  was  variously  manured  with 
mineral  manure  and  anmionia-salts,  and  gave  an  average  annual 
produce  of  30|  bushels.  During  the  next  18  years,  from  1852  to 
1864  inclusive,  it  received  every  year  a  mineral  manure,  composed 
of  salts  of  potass,  soda,  and  magnesia,  and  superphosphate  of  lime, 
and  also  a  largely  increased  amount  of  ammonia-salts,  namely 
800  lbs.  per  acre  per  annum,  and  the  average  produce  over  the  13 
years  was  39^  bushels.  The  manuring  was  then  stopped,  so  that 
the  crops  of  1865  and  since,  have  been  entirely  unmanured  The 
crop  of  1865,  the  first  after  the  cessation  of  the  manuring,  was 
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8£f  bushels,  the  second  17|',  the  third  14f ,  the  fourth  22|,  and  the 
fifth  16^^  bushels.  It  is  obvious,  therefore,  that  the  "  condition  " 
of  the  land,  due  to  the  unexhausted  residue  of  the  manures  applied 
during  the  21  previous  years,  was  sufficient  to  jield  a  fair  crop  in 
the  first  year  after  the  manuring  was  stopped,  but  that  the  produce 
then  rapidly  declined. 

It  should  be  stated,  however,  that  the  quantity  of  ammonia  ap- 
plied in  this  experiment  was  very  excessive,  amounting,  in  the  21 
years,  to  as  much  as  would  be  supplied  in  10  tons  of  Peruvian 
guano.  Deducting  the  amount  of  nitrogen  in  the  increase  of  crop 
in  the  21  years,  from  the  amount  supplied  in  the  manure  during 
the  same  period,  it  appeared  that  nitrogen  equal  to  more  than  a  ton 
of  ammonia,  and  to  more  than  would  be  supplied  in  6^  tons  of 
Peruvian  guano,  remained  unrecovered  in  the  increase  of  crop.  An 
analysis  of  the  soil  to  the  depth  of  27  inches  from  the  surface 
showed  that  about  one-third  of  this  excess  still  remained  in  the 
soil  within  that  depth,  at  that  period  ;  leaving,  however,  the  re- 
maining two-thirds  still  unaccounted  for.  Even  the  one-third  re- 
tained within  a  depth  of  27  inches  from  the  surface  would  appear, 
from  the  small  produce  yielded  by  it,  to  be  so  diffused,  and  locked 
up  in  such  states  of  combination  in  the  soil,  as  to  be  available  in 
very  small  quantities  annually.  Of  the  remaining  two-thirds, 
doubtless  a  part  is  still  retained  in  the  soil  below  a  depth  of  27  inches; 
but  probably  the  largest  proportion  of  it  has  passed  off,  in  the  form 
of  nitric  acid,  in  the  drainage-water. 

In  the  other  experiments  orr  wheat,  the  results  of  which  are 
given  in  the  Table,  the  amounts  of  ammonia  applied  were  by  no 
means  so  excessive,  only  half  as  much  being  annually  applied 
where  they  were  used  at  all,  as  during  the  18  years  of  excessive  appli- 
cation on  plot  16.  During  the  first  eight  years  of  the  26,  that  is 
from  1844  to  1851  inclusive,  plots  5,  17,  and  18,  were  manured 
with  various,  but,  upon  the  whole,  somewhat  similar  mixtures  of 
mineral  manure,  ammonia-salts,  and  sometimes  rape-cake,  and  gave 
nearly  equal  average  amounts  of  produce  over  the  eight  years, 
namely — 29^,  30^,  and  28f  bushels,  respectively. 

From  that  date,  1852,  to  the  present  time,  a  period  of  18  years, 
plot  5  has  been  manured,  every  year,  with  a  mixed  mineral  manure 
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containing  salts  of  potass,  soda,  and  magnesia,  and  superphosphate 
of  lime  ;  and  every  year  during  the  same  period  plots  17  and  18 
have  been  manured  with  the  same  mineral  manure,  or  ammonia- 
salts,  alternately.  For  example,  in  1852  plot  17  received  ammonia- 
salts,  and  plot  18  the  mineral  manure.  In  1853  plot  17  received 
the  mineral  manure,  and  plot  18  the  ammonia-salts,  and  so  on, 
alternately  for  the  18  years ;  thus,  plots  17  and  18  have  each  been 
manured  nine  times  with  ammonia-salts  and  nine  times  with  the 
mineral  manure  during  the  18  years,  the  difference  being  that 
when  one  received  ammonia-salts  the  other  received  mineral 
manure,  and  tnce  versd ;  and,  accordingly,  we  have  had  each  year 
one  plot  manured  with  mineral  manure  following  a  residue  of 
ammonia-salts,  and  one  plot  manured  with  anmxonia-salts  following 
a  residue  of  mineral  manure. 

Over  the  18  years  the  average  produce  of  plots  17  and  18  was 
exactly  the  same,  namely — 24f  bushels  in  each  case  ;  but  if  we 
take  the  average  of  the  18  crops  grown  by  mineral  manure  alone, 
whether  upon  plots  17  or  18,  we  find  it  to  be  only  17|  bushels, 
whilst  the  average  of  the  18  crops  grown  on  either  plot  by 
ammonia-salts  is  3 if  bushels,  or  nearly  14  bushels  per  acre  per 
annum  more.  At  the  time  of  the  commencement  of  this  set  of 
experiments  the  utility  of  supplying  ammonia  as  manure  for  grain 
crops  was  vehemently  disputed,  it  being  asserted  that  if  only  a 
sufficiency  of  available  mineral  constituents  were  provided  within 
the  soil,  the  plant  would  obtain  all  the  necessary  ammonia  from 
the  atmosphere.  It  would  hardly  be  possible  to  select,  or  arrange, 
a  set  of  experiments  more  entirely  conclusive  against  such  a  view. 
The  mineral  manures,  though  always  succeeding  upon  a  residue 
of  ammonia-salts,  gave  only  a  small  crop,  whilst  the  anmionia- 
salts,  succeeding  upon  a  residue  of  mineral  manure  which  had 
been  useless  without  them,  gave  a  large  crop. 

My  present  object  is  not,  however,  to  show  the  effects  of  one 
manure  compared  with  another,  but  to  ascertain  how  far  the  un- 
exhausted residue  from  previous  manuring  affects  the  produce  of 
succeeding  crops.  Plot  5,  manured  every  year  with  the  mineral 
manure  alone,  gave  an  average  over  the  18  years  of  17^  bushels, 
whilst  the  same  mineral  manures  applied  on  either  plot  17  or  18, 
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and  always  after  a  residue  of  ammonia-salts,  gave  only  17f 
bushels,  or  less  than  |  bnshel  per  acre  per  annnm  of  increase 
due  to  the  unexhausted  residue  of  the  previously  applied 
anunonia-salts,  these  being  employed  in   comparatively  moderate 

quantity. 

< 

Prom  these  results  it  is  clear,  that  the  soil  may  be  kept  in  "  con- 
dition" to  yield  a  fair  crop  of  wheat  every  year,  by  the  applica- 
tion of  ammonia-salts  and  certain  mineral  manures;  but,  that,  if 
the  ammonia-salts  be  only  applied  in  moderate  quantity,  the  un- 
exhausted residue  will  very  little  affect  the  produce  of  succeed- 
ing crops. 

I  will  now  refer  to  Table  2,  which  gives  some  results  of  experi- 
ments on  the  growth  of  barley  for  eighteen  years  in  succession  on 
the  same  land.  Plot  2a  has  been  manured  every  year  with  super- 
phosphate of  lime  and  ammonia-salts ;  and  plot  2aa  has  received 
the  same  amount  of  superphosphate  every  year,  and  twice  as  much 
ammonia  during  the  first  six  years,  but  only  the  same  amount  as 
plot  2a  each  year  since.  Taking  the  six  years,  of  the  double 
application  of  ammonia  on  plot  2aa,  the  result  is  an  average  of 
49|  bushels,  against  only  45^  on  plot  2a,  with  the  smaller  amount 
of  ammonia-salts,  thus  showing  an  average  increase  of  four  bushels 
per  acre  per  annum  due  to  the  extra  amount  of  ammonia-salts 
applied.  In  1858,  the  first  year  in  which  the  amount  of  ammonia 
applied  on  plot  2aa  was  reduced  to  the  same  as  that  on  plot  2a, 
it  still  gave  five  bushels  more  than  the  latter  ;  in  the  next  year  it 
gave  only  1^  bushel  more  ;  and  in  the  third  year  the  produce  was 
practically  equal  on  the  two  plots.  Here  again,  then,  the  unex- 
hausted residue  from  the  ammonia-salts  previously  applied  has 
appreciably  increased  the  succeeding  crop  ;  but  it  should  be  stated 
that  the  amount  of  ammonia-salts — 4001bs.  per  acre  per  annum — 
applied  during  the  previous  six  years  was,  for  barley,  very  large, 
indeed  excessive. 

Table  8  gives  the  average  produce  over  four  consecutive  four- 
course  rotations,  in  which  the  turnips  were  liberally  manured  with 
mineral  manure,  ammonia-salts,  and  rapecake,  and  the  whole  crop 
(roots  and  tops)  carted  from  the  land.  On  the  average,  about  18^ 
tons  of  turnips  were  removed  ;  yet  it  will  be  seen  that  the  un- 
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exhausted  residue  from  the  manures  applied  for  the  turnip  crop  was 
such  that  an  average  produce  over  the  four  courses  of  48f  bushels 
of  barley,  21^  bushels  of  beans,  and  S6|  bushels  of  wheat,  was 
obtained. 

In  the  experiments  on  permanent  meadow  land,  the  results  of 
which  are  given  in  Table  4,  plot  2  was  manured  with  14  tons  of 
farmyard  dung  per  acre  per  annum  for  the  first  eight  years,  and 
has  since  (that  is  for  six  years)  been  left  entirely  unmanured.  It 
will  be  seen  that  during  the  eight  years  of  the  apphcation  of  dung 
the  average  annual  produce  of  hay  was  a  little  under  43  cwts., 
and  that  during  the  six  following  years  it  amounted,  without  any 
further  application  of  manure,  to  a  little  over  43  c\vts.,  of  hay, 
thus  showing  a  very  marked  effect  from  the  unexhausted  residue 
of  the  previous  heavy  dressings  of  farmyard  dung. 

From  the  above  results,  relating  to  wheat,  barley,  rotation,  and 
permanent  meadow,  the  following  conclusions  may  be  drawn  : 

1.  That  condition  of  land  may  be  maintained,  either  by  farm- 
yard manure  or  by  artificial  manures. 

2.  That  when  active  nitrogenous  manures,  such  as  Peruvian 
guano,  ammonia-salts,  or  nitrate  of  soda,  are  applied  in  only  the 
moderate  quantities  usuaUy  employed  in  practical  agriculture,  the 
unexhausted  residue  left  in  the  soil  after  the  removal  of  a  com 
crop  has  but  little  effect  on  succeeding  crops. 

3.  That  when  rapecake,  bones,  and  other  purchased  organic 
manures,  which  yield  up  their  fertilizing  elements  comparatively 
slowly,  are  employed,  the  unexhausted  residue  left  after  the  removal 
of  the  first  crop  may  yield  an  appreciable  amount  of  increase 
throughout  a  rotation. 

4.  That  when  farmyard  dung  is  employed,  the  effects  may  be 
apparent  for  a  still  longer  period. 

5.  That  when  mineral  manures,  such  as  phosphates,  salts  of 
potass,  &c.,  are  used,  the  effects  of  any  unexhausted  residue  are 
too  slow  and  gradual  to  admit  of  any  determination  of  their  value. 

So  far,  I  have  endeavoured  by  means  of  some  actual  experi- 
mental results  to  illustrate  "  condition  "  of  soil ;  and  it  is  obvious 
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that  when  it  results  from  the  expenditure  of  capital  in  the  purchase 
of  cattle  food  or  direct  manures,  it  should  be  reckoned  as  the 
property  of  the  tenant. 

I  now  propose  to  consider  certain  other  characters  of  soil  which 
are  not  included  under  the  term  "  condition ." 

• 

When  a  tenant  takes  a  farm,  what  is  it  he  agrees  to  pay  rent 
for  ?  Partly  for  the  use  of  a  residence  and  farm  buildings  ;  but 
ihe  greater  portion  of  the  rent  is  paid  for  permission  to  grow  crops 
ca  the  land.  The  course  of  cropping  is  either  expressly  stipulated 
in  the  lease  or  agreement,  or  the  tenant  is  bound  by  the 
**  custom  of  the  country."  As  he  is  subject  to  penalties  if  he 
deviate  from  the  course  so  prescribed,  it  must  be  assumed,  either 
chat  that  course  is  the  very  best  he  could  follow  for  his  own 
interest  and  profit,  or  that  by  following  any  other,  with  a  view  to 
increased  profit  to  himself,  the  interest  of  the  owner  would  be 
sacrificed,  by  a  reduction  of  the  natural  or  standard  ferUUty,  or 
rent-value,  of  the  land. 

Admitting  that  the  recognised  rotation  of  any  district  may  be^ 
upon  the  whole,  the  most  suitable  to  follow  in  it,  it  nevertheless 
will  not  be  denied  that  the  farmer  of  intelligence  and  capital 
would,  if  he  were  permitted  to  do  so,  occasionally  deviate  from  it 
with  profit  to  himself  at  any  rate.  It  will  be  well,  therefore,  to 
direct  attention  to  some  results  illustrative  of  the  extent  and  limit 
of  the  productive  capability  of  a  soil  of  a  certain  class  or  character, 
with  a  view  of  forming  some  judgement  of  the  probability  of  injury 
to  the  land  by  a  deviation  from  the  ordinary  course  of  cropping. 
I  have,  in  the  course  of  my  various  experiments,  sought  to  gauge 
the  capability  of  my  soil  to  yield  crops  for  many  yearo  in  succes- 
sion without  manure,  and  even  under  more  exhausting  conditions 
still,  and  some  of  the  results  obtained  are  recorded  in  Table  5.  It 
should  be  stated,  however,  that  in  no  case  has  any  attempt  been 
made  to  increase  the  productiveness  by  either  subsoiling  or  deeper 
ploughing  than  usual,  though  great  care  has  been  taken  to  keep 
the  land  as  free  from  weeds  as  possible  without  injury  to  the  crop 

by  treading. 

« 
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ILLU8TBATI0N6  OF  NATURAL  FERTILITT. 


Table  5. 


Experiments  fcith  Wheats  Barley^  and  Meadow^hay, 


• 

Wheat. 

Barley. 

Meadow-hay. 

Plot  8. 

Plot  10a. 

Plot  lo. 

Plot  3. 

Tears.          J 

Ammonia 

Unmannred 

ITnmmniued 

eyery  year ; 
28  Tears, 

Salts,  alone ; 
25  Tears, 

every  year ; 
18  Tears, 

every  year ; 
14  Tean, 

1844-1869. 

1846-1869. 

1852-1869. 

1866-1869. 

Bnshels. 

Bushela 

Bushels. 

Cwta. 

1S44 

••• 
••• 

16 

23i 

161 

•"" 

— 

1845 

3ii 

«. 

1846 

••• 

17J 

271 

— 

— 

1847 

••• 

^«f 

25f 

— 

— 

XoHrO                ••• 

••■ 

id 

194 

— 

— 

1849 

••  • 

l4 

824 

— 

— 

1850 

■  ■• 

i6i 

26| 

— 

— 

1851 

>        ••• 

15f 

28| 

— 

^ 

1852 

>        ••• 

isf 

21* 

274 
26} 

— 

1853 

••■ 

5| 

94 

^ 

1854 

••• 

21 1 

841 

36 

— 

1855 

>        ••• 

17 

19* 

81 

— 

1866 

•        •  •■ 

144 

244 

IS* 
264 

224 

1867 

m 

294 

25* 

1858 

••• 

18 

224 

214 

22 

1859 

••• 

181 

184 

134 

22| 

1860 

1        ••• 
>        ••• 

12f 
111 

164 

124 

13: 

244 

1861 

164 

25| 

1862 

■  •  •  ■ 

■  •«  • 

16 
17* 

23 
894 

164 
22* 

27* 

1868 

201 

10o4             *• 

•■• 

164 

82 

24 

24 

1865 

•        •  •■ 

181 

264 

18 

114 

1866 

■        •  • « 

124 

264 

154 

28! 

1867 

•        ••  • 

84 

184 

174 

29} 

1868 

i        •  •• 

161 

24} 

101 

174 

1869 

••  ■ 

144 

204 

154 

18 

AVEB. 

iOES: 

First  Perioc 

I 

164 

*254 

23 

244 

Second    ., 

•  *• 

15 

23jl 

17f 

234 

Total       ,, 

•  •• 

15f 

241 

204 

284 

i 

AVE 

BAGE  STRAW, 

PER  ACBE— C 

wts. 

First  Perio< 

1 

15| 

25} 

184 

^^ 

Second    „ 

•  •• 

m 

21 J 

104 

— 

Total       ,, 

•  •  • 

14 

24 

124 

^■^ 
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The  fiiBt  colnnm  of  the  Table  shows  the  prodace  of  wheat  ot>- 
tained  for  26  years  in  succession,  from  1844  to  1869  inclusive,  <hl 
a  portion  of  the  experimental  wheat-field  which  has  received  no 
manure  whatever  since  1889.  The  average  produce,  per  acre  per 
annum,  over  the  26  years,  has  been  rather  over  15^  bushels  of 
dressed  com,  about  14  cwts.  of  straw,  and  22|  cwts.  of  total  pro- 
duce (corn  and  straw  together).  The  average  over  the  second 
half  of  the  period  is  1^  bushel  of  com,  and  2  j  cwts.  of  straw, 
less  than  over  the  first  half;  showing  perhaps  a  slight,  but  at 
any  rate  no  very  marked,  tendency  to  decline  in  annual  yield. 

I  hold  in  my  hand  a  specimen  of  this  unmanured  produce  grown 
in  1868,  the  25th  crop  of  wheat  in  succession,  and  the  29th  crop 
since  the  application  of  any  manure  to  the  land.  Here  also  is  a 
section  of  the  soil,  taken  to  the  depth  of  80  inches  ;  and,  so  far  as 
can  be  judged  from  appearance,  certainly  no  one  of  experience  in 
such  matters  would  take  it  to  be  naturally  more  fertile  than  the 
majority  of  moderately  heavy  soils  in  this  country.  Nor  does  the 
rent  of  similar  land  in  the  neighbourhood  (258.  to  30s.  per  acre 
tithe  free),  or  the  condition  of  the  farmers  of  the  district  as  to 
wealth,  indicate  any  great  fertility  of  the  soil. 

On  plot  10a,  the  productive  capabilities  of  this  same  soil  have 
been  still  further  put  to  the  test ;  and  the  results  enable  us  not 
only  to  gauge  the  past,  but  to  form  some  idea  of  its  prospective 
productiveness. 

For  the  crop  of  1844,  the  first  of  the  experimental  series,  this 
plot  received  a  dressing  of  superphosphate  of  lime  and  silicate  of 
potass  ;  but  not  any,  either  potass,  soda,  lime,  magnesia,  phosphoric 
acid,  or  silica,  has  been  applied  since  that  date.  For  the  crop  of 
1845,  and  for  each  crop  since,  that  is  for  25  years  in  succession,  it 
has  been  manured  with  ammonia-salts  alone.  During  that  period 
it  has  given  an  average  annual  produce  of  24 g^  bushels  of  dressed 
com,  and  24  cwts.  of  straw  per  acre,  per  annum,  being  an  average 
annual  increase  over  the  unmanured  produce  of  8|  bushels  of  com, 
and  9i  cwts.  of  straw,  and  a  total  increase  over  the  25  years  of 
nearly  220  bushels  of  com,  and  289^  cwts.  (nearly  12  tons)  of  straw. 

It  is  obvious  from  these  results,  that  the  soil  of  this  plot  10a  has 

yielded  up  annually,  for  this  long  period,  considerably  more  mineral 

matter  from  its  own  resources  than  the  mimanured  plot.    There  is 

however,  an  average  annual  produce  of  li^  bushel  of  com,  and  8^ 

cwts.  of  straw,  less  over  the  last  13  than  over  the  previous  12  years 

c  2 
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ot  the  period.  Assuming  this  to  be  due  to  exhaustion,  and  not  to 
difference  of  seasons  only — and  there  is  the  evidence  of  analysis 
that  it  is  at  least  in  a  great  measure  due  to  exhaustion — ^it  is  still 
obvious  that  it  would  take  many  more  years  yet  to  bring  down  the 
annual  yield  of  this  plot  to  that  of  the  unmanured  one. 

The  next  column  in  the  Table  shows  the  amounts  of  produce  of 
barley  obtained  for  18  years  in  succession  on  the  same  land,  without 
any  manure,  in  an  immediately  adjoining  field.  The  average  pro- 
duce over  the  whole  period  is  20^  bushels  of  com,  and  12^  cwts.  of 
straw,  per  acre  per  annum.  There  is,  however,  a  considerable  re- 
duction of  produce  in  the  later  years ;  the  average  of  the  first  9 
years  being  28  bushels  of  corn  and  13f  cwts.  of  straw,  and  of  the 
second  9  years  only  17|  bushels  of  corn  and  lOf  cwts.  of  straw,  or 
a  reduction  of  5f  bushels  of  corn  and  3  cwts.  of  straw,  per  acre  per 
annum,  over  the  second  half  of  the  period  as  compared  with  the 
first.  This  more  rapid  reduction  in  the  case  of  barley  than  of 
wheat  is  doubtless  due  to  the  much  more  limited  range  of  the  roots 
of  barley,  so  that  in  its  case  an  actually  less  bulk  of  soil  has  con- 
tributed to  the  crop,  and  the  exhaustion,  though  telling  more  upon 
the  crop,  is,  therefore,  more  superficial  than  in  the  case  of  wheat. 

The  permanent  meadow-laud  gave,  over  14  years,  an  average  of 
28|  cwts.  of  hay  per  acre  per  annum  without  manure,  and,  as  the 
figures  show,  an  average  of  only  J  cwt,  less  over  the  second  than 
over  the  first  half  of  the  period. 

ILLUSTRATIONS  OF  NATURAL  FERTILITY. 

Table  6. 

Unmanured  Four^Course  Rotation^  conducted  through  5|  ooune*  (22  year$\ 

1848-1869. 

Ayerag^  Produce  of  the  2iid«  8rd,4th,aiid  6th  courses  (16  years),  1852-1867. 


Description 

Unmanured.  every  year ; 

Tears. 

of 

sixteen  years, 
1852  —  1867. 

Crop. 

Turnips  carted  off. 

Per  Acre. 

1852, 1856,  1860,  1864 

■  •% 

Swedish  Turnips  * 

18|  Cwts. 

1858, 1867,  1861,  1865 

•  *• 

DKCiiOy    ...       ...       ... 

40i  bushels. 

1864,  1868, 1862,  1866 

•  •  • 

JSenllB     ...       ...       ... 

121       „ 

1866, 1869, 1863,  1867 

•  •• 

Wheat ... 

84i        „ 

*  Roots  and  tops. 
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Lastly,  as  Table  6  shows,  the  2nd,  8rd,  4th,  and  5th  courses  of 
five  consecutive  entirely  unmanured  four-course  rotations,  gave 
scarcely  any  turnips  at  all ;  but  the  average  of  the  four  crops  of 
barley  was  40^  bushels,  of  the  four  crops  of  beans  12f  bushels, 
and  of  the  four  crops  of  wheat  34^  bushels. 

To  sum  up  the  chief  points  of  these  illustrations  of  the  extent, 
or  limit,  of  the  fertility  of  a  somewhat  heavy  loam,  of  by  no  means 
extraordinary  quality,  it  has  yielded  an  average  annual  produce, 
without  any  manure  at  all,  of  15f  bushels  of  wheat  for  twenty- 
six  years,  of  20^  bushels  of  barley  for  eighteen  years,  of  23f  cwts, 
of  hay  for  fourteen  years,  and,  under  rotation  for  twenty  years,  an 
average  over  the  last  four  courses,  or  sixteen  years,  of  40^  bushels 
of  barley,  12f  bushels  of  beans,  and  34 J  bushels  of  wheat. 

I  confess  that  my  view  of  the  productive  capabihty  of  heavy, 
or  even  moderately  heavy  soils,  has  undergone  considerable 
change  since  I  commenced  the  various  experiments  to  which  I 
have  referred.  Formerly  I  supposed  that  a  very  few  years  of 
consecutive  corn-growing  would  suflRce  to  reduce  the  corn-growing 
capabilities  of  any  ordinary  soil  to  practically  nothing.  Such, 
however,  is  not  the  case  ;  and  a  very  little  reflection  will  show  how 
essential  it  is  for  the  well-being,  if  not,  indeed,  for  the  existence  of 
man,  that  the  elements  of  fertility  should  be  so  locked  up  and 
distributed  throughout  the  soil,  as  to  be  capable  of  being  taken 
up  by  crops  extremely  gradually,  and  so  to  last  for  an  immense 
period  of  time.  If  needy  landlords,  or  indigent  tenants,  could 
have  drawn  upon  the  locked  up  elements  upon  which  the  main- 
tenance of  the  natural  or  standard  fertility  of  the  soil  depends, 
how  little  fertile  soil  would  still  remain  in  England  I 

It  has  sometimes  been  argued  that  the  soil  is  to  be  looked  upon 
as  little  else  than  a  support  for  plants,  to  which  the  cultivator 
must  add  all  the  constituents  necessary  for  the  growth  of  the 
crops  he  removes  ;  just  as  the  manufacturer  who  hires  a  mill  has 
to  supply  the  cotton  or  other  material  for  the  manufacture.  I 
think,  however,  it  would  be  difiicult  to  account  for  the  difference 
of  rent  paid  for  land,  except  on  the  assumption  that  it  yields, 
from  its  own  resources,  a  greater  or  less  surplus,  in  the  forms  of 
com  and  meat,  beyond  the  amounts  required  to  pay  the  cost  of 
cultivation,  to  return  interest  on  capital  employed,  and  to  afford  a 
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profit  to  the  tenant.  I  think,  further,  observation  will  show  that, 
excepting  in  the  case  of  the  lighter  soils  under  modem  manage- 
ment, the  rent-value  of  different  descriptions  of  land  has  generally 
borne  a  closer  proportion  to  their  relative  natural  fertility  than  to 
any  other  circumstance. 

-  Let  us  suppose,  for  example,  three  descriptions  of  soil :  one  that 
would  yield  5,  another  15,  and  another  25  bushels  of  wheat  per 
acre,  from  their  own  unaided  resources ;  that  is,  without  the  use 
of  any  purchased  cattle  food  or  manure.  A  soil  which  would 
yield  only  5  bushels  of  wheat  would  probably  bear  no  rent  at  all, 
the  whole  value  of  the  produce  being  required  to  meet  the  costs 
of  cultivation.  The  soil  yielding  15  bushels  would  doubtless  pay 
a  rent,  and  the  one  yielding  25  bushels  a  considerably  higher  rent. 
But  now  let  us  assume  that  all  three  cultivators  were  able  to  go 
into  the  market  aiid  purchase  cattle  food  and  manure  :  the  three 
soils  would  be  very  differently  affected  by  this  importation  of 
elements  of  fertility  from  without.  An  amount  of  money  ex- 
pended in  food  and  manure  that  would  raise  the  produce  on  the 
poorest  soil  from  5  bushels  to  25,  would  not  raise  that  on  the 
medium  soil  from  15  to  35  bushels,  and  still  less  would  it  increase 
the  yield  on  the  best  soil  from  25  to  45  bushels  of  wheat.  It  is 
obvious,  therefore,  that  the  surplus  available  for  rent,  dependent 
on  such  an  use  of  elements  of  fertility  from  without,  would  be 
proportionally  the  greatest  on  the  poorest  soil,  and  the  least  upon 
the  naturally  most  productive  soil. 

It  is  chiefly  in  the  fact  here  illustrated,  that  is  to  be  found  an 
explanation  of  the  rapid  rise  in  the  rent  of  light  soils  of  late  years. 
Compared  with  heavy  land,  they  are  cultivated  at  a  less  cost,  they 
are  much  Ixitter  adapted  to  carry  stock,  and  with  the  aid  of  pur- 
chased food  and  manures  they  can  now  rival  in  productiveness  the 
natural  fertility  of  clays  and  loams.  So  long  as  the  farmer 
depended  almost  exclusively  upon  the  natural  fertility  of  the  soil, 
the  surplus  to  pay  rent  was  much  less  on  those  light  soils  which 
could  supply  from  their  own  resources  but  little  of  the  constituents 
required  for  the  growth  of  crops;  but  since  he  has  been  able  to 
go  into  the  market  and  purchase,  in  the  form  of  cattle  food  and 
direct  manures,  those  elements  of  which  his  soil  was  deficient,  the  in- 
crease of  productiveness  which  has  followed  has,  as  a  matter  of  fact, 
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beeQ  found  to  be  proportionally  much  the  greater  in  the  case  of  the 
lighter  and  naturally  less  fertile,  than  in  that  of  the  heavier  and 
more  fertile  soils.  Thus,  the  productiveness  of  light  soils  is  in  a 
greater  degree  dependent  on  the  amount  of  capital  expended  on  f ooti 
and  manure,  than  is  that  of  the  heavier  soils.  Moreover,  the  increased 
fertility  and  the  increased  rent  of  the  lighter  soils  of  late  years,  are 
partly  due  to  the  accumulations  from  the  past  expenditure  of  the 
tenant.  This  increased  productiveness  is,  however,  of  the  character 
of  improved  "  condition ;"  and  hence  it  is  that  the  productiveness 
of  such  soils  may  be  comparatively  easily  and  rapidly  reduced. 

That,  excepting  in  the  case  of  light  soils  under  the  conditions 
above  referred  to,  the  amount  of  rent  paid  is,  in  practice,  chiefly 
dependent  on  the  natural  fertility  of  the  soil,  and  not  on  the 
amount  of  capital  employed  by  the  tenant,  is  evident  from  the  fact 
that  there  are,  on  many  estates,  highly  cultivated  farms  with 
abundance  of  capital  invested,  adjoining  others  in  a  very  opposite 
condition  ;  the  poor  farmer  being  able  to  set  apart  from  the  pro- 
duce of  the  land  as  large  a  surplus  in  the  form  of  rent  as  his 
higher  farming  neighbour ;  whilst  any  demand  for  an  increase  of 
rent  on  account  of  increased  capital  employed,  would  be  met  with 
the  remonstrance  that  the  benefits  arising  from  the  increased  ex- 
penditure of  capital  by  the  teQant  should  justly  accrue  to  himself. 

Prom  the  facts  and  arguments  which  ha^e  been  adduced  in  re- 
gard to  the  natural  fertilittf  of  the  heavier  soils,  and  to  the  essen- 
tial conditions  of  productiveness  of  the  lighter  soils,  the  question 
naturally  suggests  itself — whether,  or  under  what  circumstaoces, 
the  more  frequent  growth  of  corn  than  accords  with  the  recognised 
rotation  of  a  district  might  be  permitted  without  risk  of  deteriom- 
ting  the  property  of  the  landlord  ?  Although  any  such  repetition 
of  corn-crops  is  strongly  objected  to,  as  tending  to  exhaust  the 
soil,  it  is  remarkable  that  many  operations  which  affect  the  soil 
in  an  exactly  similar  way  are  not  only  allowed,  but  approved.  A 
fallow,  for  example,  is  an  economical  means  of  obtaining  the  produce 
of  two  seasons  in  one  year;  certain  costs  of  cultivation,  seed,  and 
harvesting,  are  saved ;  but  so  far  as  the  removal  of  constituents 
from  the  soil  is  concerned,  it  is  immaterial  whether  two  crops  of 
wheat  of  16  bushels,  or  one  of  82  bushels,  be  taken  from  the  land. 
By  liming,  again,  certain  constituents  which  are  locked  up  in  the 
soil  are  set  free  and  rendered  available  much  more  rapidly,  and  so 
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are  removed  in  larger  quantity  within  a  limited  period  of  time 
than  they  otherwise  would  he.  The  same  result,  namely,  the  ex- 
port from  the  farm  of  larger  crops  within  a  limited  period  of  time, 
follows  in  like  manner  from  the  use  of  the  subsoil  plough,  the 
steam  smasher,  and  a  great  variety  of  implements  of  modem  ap- 
plication. In  fact,  all  these  processes,  which  are  regarded  with 
favour  rather  than  otherwise,  have  the  one  object  and  result  of 
causing  the  soil  to  yield  up  its  elements  of  fertility  more 
rapidly, 

I  believe  that  whilst  a  greater  freedom  from  the  adoption  of  a 
fixed  rotation  would  often  be  beneficial  to  the  tenant,  it  would  not^ 
if  accompanied  with  proper  conditions,  result  in  any  injury  to  the 
landlord.  In  saying  this,  I  trust  it  will  not  for  a  moment  be  sup- 
posed that  I  would  recommend  the  abandonment  of  a  rotation  of 
crops,  and  the  continuous  growth  of  com.  To  be  more  specific, 
what  I  do  think  is,  that  where  fallow,  or  liming,  or  subsoiling,  or 
steam  smashing,  and  allied  processes,  are  admissible  and  advanta- 
geous, or  where  root  crops  cannot  be  consumed  on  the  land  during 
wet  weather  without  injury  to  the  succeeding  crops — ^that  is  to 
say  on  the  heavier  and  deeper  soils — ^barley  may  often  be  grown 
both  in  larger  quantity  and  better  in  quality  after  wheat  than 
after  a  root  crop.  Again,  where  mangolds  are  manured,  as  they 
often  are,  with  20  or  even  80  tons  of  dung  per  acre,  I  see  no  ob- 
jection, either  from  a  scientific  or  practical  point  of  view,  in  taking 
out  of  the  land  the  large  quantity  of  mineral  constituents  still  re- 
maining available  after  the  removal  of  the  mangolds,  by  growing 
two  or  even  three  com  crops  in  succession,  with  the  application  of 
artificial  manure  for  each  extra  crop.  Very  generally,  indeed,  two 
com  crops  might  be  taken  in  succession  from  medium  and  heavy 
land,  provided  it  be  kept  free  from  weeds,  and  artificial  manures 
be  applied  for  the  second  crop.  Nor  do  I  think  that  real  injmiy 
would  be  done  by  the  occasional  growth  of  peas,  or  even  an  extra 
com  crop,  on  light  soils,  when  the  seeds  have  failed,  as  occurred 
after  the  dry  summer  of  1868 ;  indeed,  as  much  of  some  fertilizing 
matters  might  be  washed  out  of  the  soil  by  drainage  as  would  he 
exported  from  the  land  in  the  extra  crop. 

So  far  I  have  endeavoured  to  illustrate  what  is  ''  cmdition,''^  and 
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to  point  out  the  distinctioii  between  it  and  what  may  be  called 
the  natural  fertility y  of  a  soil.  I  have  maintained  that  "  condi- 
tion "  is  a  quality  dependent  on  the  expenditure  of  the  tenant,  and 
that  it  shonld  be  considered  as  a  part  of  his  capital.  I  have 
also  shown  that  *'  condition "  may  be  withdrawn,  or  reduced,  by 
cropping,  within  a  very  limited  period  of  time.  "  Natural  fer- 
tility," on  the  other  hand,  is  the  property  of  the  landlord ;  and  al- 
though it  is  not  absolutely  inexhaustible,  it  is  very  little  liable  to 
injury  from  any  system  of  agriculture  which,  so  far  as  present  ap- 
pearances enable  us  to  judge,  has  any  prospect  of  prevailing  in 
this  country. 

It  remains  to  offer  some  suggestions  of  a  practical  kind,  with  a 
view  to  the  protection  of  the  landlord,  or  succeeding  tenant,  from 
injury,  in  case  of  any  considerable  modification,  or  the  entire  re- 
moval, of  the  usual  restrictions  in  regard  to  cropping ;  and  also 
as  to  the  best,  or  simplest,  method  of  estimating  the  value  of  the 
unexhausted  capital  of  the  outgoing  tenant,  with  a  view  to  com- 
pensation from  the  landlord  or  the  incoming  tenant. 

It  will  be  admitted  on  all  hands,  that  if  the  tenant  were  un- 
conditionally free  as  to  his  course   of  cropping,  and  he  were  to 
leave  his  farm   wholly   under  com,   the  landlord  would  not  so 
readily  obtain  a  tenant  for  the  farm.     I  would  propose,  there- 
fore : 

1.  That  all  land  should  be  given  up  with  a  fixed  proportion 
under  fallow,  root-crops,  seeds,  and  corn-crops ;  the  proportions  to 
be  settled  according  to  the  custom  of  the  locality ;  and  that  the 
outgoing  tenant  should  pay  a  compensation,  to  be  assessed  by  com- 
petent valuers,  for  any  excess  of  land  under  com  over  the  so  fixed 

amount. 

2.  That,  excepting  under  special  arrangement,  and  with  the  pur- 
chase of  stable-dung,  or  similar  town  manures,  no  straw  or  root 
crops  shall  be  sold  off  the  farm. 

8.  That  the  tenant  should  be  required  to  keep  the  land  free  from 
weeds  ;  and,  in  default,  to  pay  compensation  to  the  landlord  or  in- 
coming tenant  for  the  cost  of  cleaning ;  such  cost  to  be  assessed  by 
competent  persons. 
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The  cost  of  cleaaing  foul  land  which  is  in  high  condition  is  much 
greater  than  that  of  patting  land  which  is  poor  in  condition^ 
bat  free  from  weeds,' into  good  condition.  Moreover,  the  stale  of 
the  land  as  to  weeds  shonld  be  one  important  element  in  deciding 
whether  an  extra  corn  crop  should  or  should  not  be  taken.  If, 
therefore,  the  tenant  be  allowed  greater  latitude  in  r^ard  to  crop- 
ping, more  stringent  clauses  should  be  inserted  in  agreements 
against  foul  land. 

However  highly  a  tenant  may  farm  during  the  early  or  middle 
years  of  his  occupation,  he,  as  a  rule,  endeavours  as  far  as  possible 
to  withdraw  his  capital  out  of  the  laud,  by  reducing  its  condition 
towards  the  end  of  his  term,  lest  neither  the  landlord  nor  the  in- 
coming tenant  should  adequately  compensate  him  for  his  unex- 
hausted manures. 

It  must  be  admitted  that  there  is  great  difficulty  in  laying 
down  any  rules  which  shall  be  generally  applicable  for  the 
estimation  of  the  productive,  and  consequently  the  money,  value 
of  the  residue  of  manures  which  have  previously  been  applied  to 
the  soil,  and  have  already  yielded  a  crop.  It  has  been  shown  by 
reference  to  direct  results,  that  some  important  constituents  of 
manure  either  leave  little  or  no  unexhausted  residue  in  the  land, 
or  leave  it  so  combined  within  the  soil,  or  so  distributed  throughout 
it,  that  it  produces  little  or  no  appreciable  effect  on  succeeding 
crops.  Some  manures,  on  the  other  hand,  have  been  shown  to 
produce  marked  effects  for  several  years  after  their  application. 
It  is  obvious,  therefore,  that  it  would  require  a  very  complicated 
sliding-scale  to  enable  us  to  estimate  the  value  of  unexhausted 
manures  under  the  many  varying  conditions  that  would  arise — ^as 
to  the  description  ana  amount  employed,  the  soil,  the  season,  and 
the  crop  grown — were  it  attempted  to  take  as  a  basis  the  valuation  of 
constituents  already  under  ground.  In  Lincolnshire,  and  adjoining 
counties,  half-inch  bones  are  valued  to  the  in-coming  tenant  the 
second  year  after  application,  and  in  some  instances  guano  is  valued 
after  it  has  grown  a  crop.  It  would,  I  think,  be  much  more  satis- 
factory that  all  valuation  should,  if  possible,  relate  only  to  what  is 
above  ground.  Nor  do  I  see  any  difficulty  in  doing  full  justice  to 
the  out-going  tenant  without  taking  into  account  the  value  of 
the  unexhausted  residue  of  manures  which  have  already  yielded  a 
crop. 
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The  three  items  upon  which  I  would  rely  as  the  basis  of  a 
valuation  in  favour  of  the  outgoing  tenant  are — the  farmyard 
manure  made  during  the  last  year  of  the  occupancy  ;  the  manure 
from  purchased  food  which  has  not  grown  a  crop ;  and  the  straw 
of  the  com  crops  of  the  last  harvest. 

The  quantity  of  straw  grown  is  a  pretty  sure  indication  of  the 
condition  of  the  land  in  regard  to  recent  manuring.  To  take  an 
extreme  case  by  way  of  illustration  :  the  continuously  unmanured 
wheat  plot,  which  has  been  already  referred  to,  gave  an  average  of 
only  about  14  cwts.  of  straw  per  acre,  whilst  plot  16  gave,  over 
the  thirteen  years  of  heavy  manuring,  46^  cwts.,  or  3  l-3rd  times 
as  much.  Now,  if  I  had  entered  upon  a  farm  with  the  straw  of 
the  corn  crops  given  over  to  me  not  exceeding  14  cwts.  per  acre^ 
and  left  it  with  straw  averaging  3  l-8rd  times  as  much.  I  might 
surely  in  justice  claim,  of  the  landlord  or  my  successor,  compensa- 
tion for  such  an  increase  in  the  quantity  of  straw,  indicating  as  it 
would  the  increased  condition  of  the  land.  In  reference  to  this 
point,  it  may  further  be  remarked,  in  passing,  that  not  more  than 
about  5  per  cent,  of  the  weight  of  the  straw  is  derived  from  the 
constituents  of  the  soil  itself,  by  far  the  greater  part  being  derived 
from  the  atmosphere,  through  the  agency  of  the  manures  applied, 
and  directly  due,  therefore,  to  the  expenditure  of  the  tenant's  capital. 

I  propose,  then,  as  a  part  of  the  compensation  to  the  improving 
outgoing  tenant,  that  he  shall  be  paid  the  consuming  value  of  the 
straw  which  he  leaves  in  excess  of  that  which  he  entered  upon. 

The  next  point  to  consider  is,  the  valuation  of  the  manure  which 
has  been  obtained  by  the  consumption  of  purchased  cattle  food 
within  twelve  months  from  the  termination  of  the  occupation,  and 
which  has  not  yet  yielded  a  crop. 

Some  years  ago,  I  published  a  Table  showing  the  calculated 
value  of  the  manure  resulting  from  the  consumption  of  1  ton  of 
each  of  the  chief  standard  articles  of  cattle  food.  Those  estimates 
were,  at  the  time,  considered  by  some  to  be  somewhat  too  high. 
They  have  lately  been  carefully  re-considered;  and,  taking  into 
account  the  higher  money  value  of  some  of  the  chief  constituents 
at  the  present  time,  it  has  been  decided  to  make  but  little  further 
alteration  than  to  add  a  few  articles  to  the  list  that  were  not 
previously  included  in  it.     The  results  are  given  in  Table  7. 


^ 


28 


EXHAUSTIOK  OF  THE  SOIL. 


Table  7. 

Estimated  Value  of  t?ie  Manure  obtaified  by  the  Consumption  of  different 
AHicles  of  Food  J  each  supposed  to  he  of  good  quality  of  its  kind. 


Money  Value 

of  the  Manure 

Description  of  Food. 

from  one  Ton  of 

each  Food. 

£    s. 

d. 

1.  Cotton-seed  Cake,  decorticated 

■  •  • 

6  10 

0 

2.  Bapecake 

•  •• 

•  •• 

•  •• 

4  18 

6 

S.  Linseed  Cake 

•  •• 

•  •• 

•  •• 

1  12 

6 

4.  Cotton-seed  Cake,  not  decorticated 

3  18 

6 

5.  Lentils 

3  17 

0 

6.  Beans  ... 

3  14 

0 

7.  Tares    ... 

3  13 

6 

8.  Linseed 

3  13 

0 

9.  Peas     ... 

3     2 

6 

10.  Indian  Meal 

1  11 

0 

11.  Locnst  Beans 

1     2 

6 

12.  Malt-dnst 

4     5 

6 

13.  Bran 

2  18 

0 

14.  Coarse  Pollard 

2  18 

0 

16.  Fine  Pollard 

2  17 

0 

16.  Oats     ... 

1  15 

0 

17.  Wheat... 

1  13 

0 

18.  Malt    ... 

1  11 

6 

19.  Barley 

1  10 

0 

20.  Clover  Hay 

2    5 

6 

21.  Meadow  Hay 

1  10 

6 

22.  Bean  Straw 

1     0 

6 

28.  Pea  Straw 

0  18 

9 

24.  Oat  Straw 

0  13 

6 

25.  Wheat  Straw 

0  12 

6 

26.  Barley  Straw 

0  10 

9 

27.  Potatoes 

0    7 

0 

28.  Parsnips 

0     5 

6 

29.  Mangold-wnrtzel 

0     5 

8 

30.  Swedish  Tomips 

0    4 

3 

31.  Common  Turnips 

0    4 

0 

32.  Carrots 

•  •  • 

0    4 

0 

It  will  be  observed  how  very  widely  different  is  the  estimated 
money  value  of  the  manure  obtained  by  the  consumption  of  one 
ton  of  different  articles  of  cattle-food  in  common  use.    It  is  ob- 
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yions,  therefore,  that,  in  settling  the  amount  of  compensation  to  be 
paid  to  the  outgoing  tenant  for  the  value  of  the  manure  produced 
by  the  consumption  of  purchased  food,  it  would  not  suffice  to  take 
a  fixed  proportion  of  the  purchased-food  bill,  but  the  value  of  the 
manure-constituents  of  the  particular  description  of  food  actually 
employed  must  be  estimated.  It  would  no  more  be  fair  to  make 
the  valuation  irrespectively  of  the  value  of  the  constituents  obtained 
from  the  different  descriptions  of  food,  than  it  would  be  to  charge 
the  same  price  for  the  inferior  descriptions  of  guano  as  for  the 
best  Peruvian. 

As  the  value  of  the  constituents  obtained  as  manure  from  one 
ton  of  the  various  foods  has  been  estimated  at  their  market  price, 
if  sold  in  a  concentrated,  dry,  and  easily-portable  state,  some  re- 
duction from  the  amounts  given  in  the  Table  should  be  made  in  the 
valuation  supposed,  on  account  of  the  risk  of  loss  by  decomposition 
and  drainage,  and  for  the  extra  cost  of  carriage  and  application  to 
the  field,  all  of  which  will  be  greater  in  the  case  of  the  cattle 
manure  than  in  that  of  the  dry  purchased  manure.  For  these 
reasons  I  would  propose  that  one-third,  or  one-fourth,  less  than  the 
amounts  shown  in  the  Table  should  be  allowed  for  all  purchased 
cattle-food  used  within  twelve  months  of  the  termination  of  the 
occupation,  provided  the  manure  obtained  from  it  has  not  yet  grown 
a  crop. 

It  is,  I  beUeve,  the  custom  in  Norfolk,  and  in  some  other  coun- 
ties, for  the  tenant  going  out  at  Michaelmas  to  apply  the  dung 
made  during  the  previous  winter  to  the  root  crop,  the  incoming 
tenant  taking  the  crop  at  a  valuation.  The  objections  to  this  plan 
are,  that  the  root  crop  is  a  very  uncertain  one,  and  may,  in  a  bad 
season,  be  very  much  less  than  the  amount  of  manure  should  pro- 
duce :  and  that  if  the  outgoing  tenant  has  fed  his  stock  upon  pur- 
chased food,  the  value  of  the  manure  cannot  be  recovered  in  the 
root-crop  alone,  even  if  the  season  be  favourable.  For  example,  in 
one  of  the  courses  of  experimental  rotation  to  which  I  have 
referred,  after  a  Uberal  manuring  of  rape-cake,  salts  of  ammonia, 
and  mineral  manure,  less  than  4^  tons  of  roots  were  removed ;  and 
the  result  was,  that  the  succeeding  crops  amounted,  without  any 
farther  manure,  to  60^  bushels  of  barley,  43^  bushels  of  beans,  and 
46  bushels  of  wheat.    It  is  obvious  that,  under  the  system  referred 
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to,  these  heavy  crops  of  barley,  beans,  and  wheat,  would  beocHiie 
the  property  of  the  inooming  tenant,  whilst  he  wonld  only  have  to 
pay  for  the  manore  which  had  largely  contribnted  to  prodnce  them, 
the  small  value  of  4^  tons  of  roots. 

I  would  submit  that  it  would  be  a  much  fairer  arrangement  to 
value  the  manure  made  during  the  winter  by  the  load,  or  ton,  and 
that  the  incoming  tenant  should  also  pay  two-thirds,  or  three- 
fourths,  the  estimated  money  value  of  the  manure  from  the  pur- 
chased food  consumed  in  its  production.  If,  in  addition  to  this, 
the  out-going  tenant  were  paid  the  consuming  value  of  the  straw 
of  the  com  crops  of  the  last  harvest,  he  would  receive  fair  com- 
pensation for  the  capital  which  he  had  invested  in  ^  condition^'' 
whilst  the  incoming  tenant  would  only  have  to  pay  for  that  which 
possessed  an  actual  money  value. 

The  conclusions  arrived  at  in  the  course  of  the  foregoing  dis- 
cussion may  be  briefly  sunmiarised  as  follows : 

1.  "  Condition  *'  is  a  quality  quite  distinct  from  natural  fertiUty 
of  soil :  it  is  mainly  dependent  on  the  amount  of  capital  expended 
by  the  tenant  in  the  purchase  of  cattle-food  or  manures,  and  is, 
therefore,  his  property ;  it  may  be  easily  and  rapidly  reduced. 

2,  The  natural  fertiUty  of  a  soil,  whether  liigh  or  low  in  degree, 
is,  comparatively  speaking,  a  permanent  quality ;  it  can  only  be 
injuriously  affected  by  the  continuance  of  an  exliaustive  system  of 
cropping  for  a  long  period  of  time  ;  it  is  the  property  of  the 
landlord ;  and,  excepting  in  the  case  of  very  light  soils,  it  is  the 
chief  element  in  determining  the  rent-value  of  the  land. 

8.  In  the  case  at  any  rate  of  the  heavier  soils,  it  would  gene- 
rally be  beneficial  to  the  tenant  of  capital  and  intelligence,  if  he 
were  allowed  much  more  freedom  as  to  cropping  than  present 
customs  permit. 

4.  No  injury  is  likely  to  result  to  the  landlord  from  granting 
the  tenant  permission  to  crop  as  he  pleases,  provided  he  be  bound 
to  keep  the  land  free  from  weeds,  and  to  leave  a  fixed  proportion 
under  fallow  and  green  crops,  at  the  termination  of  his  occupation. 

5.  No  simple  rules,  applicable  to  various  descriptions  of  soil, 
season,  crop,  and  manure,  can  be  laid  down  for  the  valuation 
of  the  unexhausted  residue  of  previously  applied  manures  which 
have  already  yielded  a  crop. 
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6.  By  the  valuation  of  so  much  of  the  farm-yard  manure,  and 
of  so  much  of  the  manure-constituents  derived  from  purchased 
cattle  food,  as  have  not  yet  yielded  a  crop,  and  also  of  the  straw 
of  the  last  harvest,  fair  compensation  may  be  made  to  the  out- 
going tenant,  whilst  the  in-coming  tenant  will  only  he  required  to 
pay  for  that  which  has  a  fixed  and  easily-ascertainable  money- 
Talue. 

In  1845  the  late  Mr.  Ph.  Pusey  made  the  following  remarks  in 
an  article  in  the  Journal  of  the  Boyal  Agricultural  Society  of 
England  (Vol.  V.)  :  **  The  subject  of  unexhausted  improvements 
seems  to  me  the  most  important  of  all  agricultural  subjects  for 
landlords  at  present,  and  the  improvement  of  our  agreements  in 
this  respect  to  be  a  condition  sins  qud  lum  of  any  steady  and 
general  improvement  of  the  soil  or  its  cultivation." 

If  this  were  true  then,  how  much  more  is  it  so  now  I  During 
the  quarter  of  a  century  which  has  elapsed  since  these  lines  were 
written,  very  great  advances  have  been  made  in  British  agriculture, 
and  every  step  in  the  progress  has  been  accompanied  with  an 
increased  outlay  of  money.  If  abundant  capital  is  to  be  attracted 
to  the  soil,  it  is  essential  that  liberal  covenants  in  regard  to 
cropping  should  be  adopted,  and  fair  compensation  for  unex- 
hausted improvements  made.  If  I  have  this  evening  in  any 
degree  contributed  to  that  advancement  of  knowledge  which  is 
necessary  before  we  can  hope  to  attain  marked  improvement  in 
these  respects,  I  shall  feel  that  I  have  not  occupied  your  time 
in  vain. 
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"  Practice  with  Science,"  the  motto  of  the  Royal  Agricultural 
Society  of  England,  and  '^  Scientific  Agriculture  with  a  view  to 
Profit,"  the  title  of  the  subject  we  are  to  discuss  this  evening, 
represent  very  similar  ideas.  It  is  true,  the  founders  of  the  Society 
gave  more  prominence  to  "  Practice,"  by  placing  that  word  before 
^  Science ;"  while  the  committee  of  the  Maidstone  Farmers'  Olub 
have  given  to  Science  the  place  of  honour ;  but  they  have  indicated, 
in  plain  and  unmistakable  language,  upon  what  terms  they  yield  the 
position  of  distinction  to  Science — ^it  is  only  provided  it  can  be 
followed  "  with  a  view  to  profit."  They  say  in  fact  to  science— 
*^  fill  our  stack-yards,  and  our  pockets,  and  you  are  welcome ;  but 
do  not  trouble  us  with  abstract  truths,  or  speculative  opinions, 
which  we  cannot  turn  to  profitable  account." 

I  think  I  may  assume  that  your  desire  to  discuss  this  subject,  and 
my  presence  here  to  introduce  it,  are  due  in  great  measure  to  what 
some  of  the  members  of  this  Club  saw  and  heard  on  the  occasion  of 
a  visit  which  I  had  the  honour  to  receive  from  them,  at  Rothamsted, 
during  the  past  summer.  They  then  saw,  as  many  others  have 
seen,  that  a  great  deal  of  active  investigation  has  been,  and  still  is, 
going  on  there  in  connection  with  agriculture ;  and  I  have  little 
doubt  they  felt  some  disappointment,  as  I  know  others  have  done, 
at  not  being  able  to  see  very  clearly  the  direct  practical  lessons 
to  be  learnt  from  the  results  of  so  much  labour.  If  their  thoughts 
were  put  into  words  they  would  probably  say — *'  you  have  made 
very  interesting  experiments  on  various  crops,  both  with  ordinary 
and  with  artificial  manures  ;  you  have  conducted  numerous  ex- 
periments on  the  feeding  of  stock;  and  you  have  a  laboratory  contain- 
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ing  nearly  20,000  bottles  ;  but  we  wish  you  to  understand  that  we 
take  no  special  interest  in  these  things,  excepting  so  far  as  they 
relate  to  our  business.  We  are  fanners  ;  our  capital  is  invested  in 
the  cultivation  of  the  soil ;  and  the  welfare  of  ourselves  and  of  our 
families  depends  upon  the  profits  we  can  reah'ze.  We  want  to 
know — how,  if  you  were  a  fanner,  with  no  other  source  of  income^ 
you  would  use  your  knowledge  to  increase  your  profits  ?  or  rather — 
how,  if  in  addition  to  our  practical  knowledge  we  possessed  all  the  in- 
formation which  you  have  acquired  from  your  scientific  experiment«y 
should  we  alter  our  practice  to  increase  our  profits  ?  "  I  take  it  that, 
in  arranging  for  this  evening's  discussion,  the  Maidstone  Faimers' 
Club  hoped,  by  its  means,  to  arrive  at  seme  solution  of  the  above 
questions. 

When  we  consider  that  the  system  of  agriculture  practised  by  the 
most  inteUigent  farmers  of  any  district,  has  been  the  result  of  long 
observation  and  experience,  it  must  be  admitted  that  any  important 
changes  suggested  by  science  should,  as  far  as  possible,  be  based  on  a 
knowledge  of  the  principles  involved  in  the  existing  practices.  For 
example,  those  who  would  propose  to  interfere  with  the  ordinary 
course  of  rotation,  by  substituting  a  corn-crop  for  a  pulse  or  a  root- 
crop,  may  reasonably  be  asked,  not  only — what  description  and 
amount  of  manure  will  be  required  to  grow  the  com  crop  ?  but  also 
— what  will  be  the  relative  state  of  fertility  in  which  the  land  will 
be  left  when  the  one  crop  has  been  substituted  for  the  other  ?  Again, 
if  it  be  proposed  to  use  artificial  manures,  instead  of  producing 
ordinary  manure  by  the  feeding  of  stock  on  cake  or  other  purchased 
food,  it  is  obviously  desirable  to  possess  accurate  knowledge — not 
only  as  to  the  description  and  amount  of  artificial  manure  required 
to  produce  a  given  crop,  but  also  as  to  the  amount  of  meat,  and  the 
amount  and  composition  of  the  manure,  that  will  be  yielded  by  the 
different  descriptions  of  purchased  food. 

Now,  I  propose  to  show  you,  by  one  or  two  examples,  how  much 
labour,  and  how  much  money,  the  investigation  of  subjects  having 
a  direct  bearing  on  the  practice  and  profits  of  agriculture  may 
require,  before  absolute  certainty  can  be  arrived  at  respecting  them  ; 
and  I  could,  without  difficulty,  occupy  the  whole  of  the  time  of  this 
meeting  in  pointing  out  the  various  subjects  which  have  been,  and 
still  require  to  be,  investigated  by  men  of  science,  before  long 
established  existing  practices  can  be  thoroughly  explained. 
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I  dare  say  most  of  you  know  that  the  atmosphere  which  we 
breathe  is  composed  ahnost  entirely  of  a  mixture  of  nitrogen  and 
oxygen.  The  nitrogen  constitutes  more  than  three-fourths  of  the 
whole  by  weight,  and  the  quantity  of  it  resting  upon  every  acre  of 
our  fields,  amounts  to  more  than  32,300  tons.  All  the  crops  we 
j^row  contain  nitrogen,  some  in  larger  and  some  in  smaller  quantity. 
Nitrogen  is,  also,  as  you  well  know,  a  very  active  and  a  very 
expensi\e  element  in  manures,  costing  when  purchased  in  artificial 
manure  not  much  less  than  one  shilhng  per  lb.  Accurate  know- 
leflge  in  connection  with  this  substance  is,  therefore,  of  the  greatest 
]X)ssible  interest  to  the  farmer. 

As  all  our  crops  are  so  dependent  upon  nitrogen  in  their  food,  and 
as  they  are  surrounded  by  so  large  a  store  of  it  in  the  atmosphere 
throughout  their  growth,  what  could  be  more  natural  than  to 
suppose  that  they  obtain  it  from  that  source.^  What  investi- 
gation could  be  more  important  than  to  determine  whether  they 
are  able  to  do  so  or  not  ?  and,  if  they  are,  to  settle  to  what 
extent  they  do  so,  or  by  which  of  them,  or  under  what  circum- 
stances, the  largest  quantity  of  it  can  be  assimilated.  In  fact,  one 
of  the  explanations  which  has  been  put  forward  of  the  benefits  to  be 
derived  from  a  rotation  of  crops  is,  that  whilst  some  plants  can 
absorb  the  nitrogen  of  the  atmosphere,  others  cannot  do  so.  Here, 
then,  is  a  question  for  scientific  investigation  "with  a  view  to  profit; " 
and  what  do  we  find  has  been  done  to  arrive  at  a  solution  of  it  ? 

Xearly  a  century  age,  Priestley  and  Ingenhousz  came  to  one  con- 
clusion on  the  subject  from  their  experiments,  and  Sennebier  and 
Woodhouse  to  an  opposite  c  ne  from  theirs.  About  the  end  of  the 
last  century  and  the  beginning  of  the  present  one,  De  Saussure 
took  up  the  question  ;  and,  a  little  more  than  thirty  years  ago, 
Roussingault,  one  of  the  most  laborious  and  accurate  of  living 
chemists  who  have  devoted  themselves  to  agricultural  subjects,  com- 
menced the  enquiry,  and  renewed  it  from  time  to  time,  for  a 
period  of  about  twenty  years,  he  arriving  at  one  conclusion,  and 
M.  G.  Ville,  another  French  chtmist,  who  worked  at  the  subject 
for  many  years,  coming  to  an  opposite  conclusion.  Besides  these, 
minor  investigations  have  been  undertaken  by  Mfene,  Roy,  Cloez 
and  Gratiolet,  De  Luca,  Harting,  and  Chlebodarow  and  Petzholdt, 
with  considerably  varying  results.  Lastly,  the  field  and  other 
exixiriments  at  Rothamsted  having  shown  how  important  was  a 
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definite  settlement  of  this  question,  and,  consideriDg  how  conflicting 
was  the  existing  evidence  bearing  upon  it,  the  investigation  was 
undertaken  there,  and  a  very  intelligent  young  American  Chemist, 
the  late  Dr.  Pugh,  was  engaged  upon  the  subject,  at  the  Rothamsted 
Laboratory,  for  nearly  three  years.  Well,  the  result  of  all  this 
expenditure  of  time  and  money,  extending  over  a  period  of  more 
than  three-quarters  of  a  century,  is  a  balance  of  evidence  in  favoar 
of  the  view  that  the  free  nitrogen  of  the  atmosphere  cannot  be 
assimilated  by  our  crops. 

One  more  illustration,  and  I  have  done  with  this  part  of  my 
subject.  It  may  be  taken  as  an  established  fact,  that  if  the 
price  of  the  hay,  cake  or  com,  and  roots,  which  the  farmer  gives 
to  his  oxen  and  sheep,  or  of  the  meal  which  he  gives  to  his 
pigs,  be  charged  against  the  animal,  the  cost  of  the  food  will  be 
more  than  the  increased  value  in  the  shape  of  meat.  To  show  a 
profit  upon  the  feeding  transaction,  it  is  necessary  to  charge  a 
portion  of  the  cost  of  the  food  against  the  manure  obtained.  It  is, 
however,  quite  possible  to  keep  land  in  high  condition  for  growing 
com,  without  the  manure  produced  by  feeding  stock.  Whether  it 
will  be  the  more  advantageous  to  attain  the  end  by  the  production 
of  meat  and  of  animal  manure,  or  by  the  use  of  artificial  manures, 
is  entirely  a  question  of  cost,  depending  on  the  character  of  the 
land,  the  prices  of  meat  and  corn,  and  the  relative  cost  of 
certain  constituents  in  cattle  manure,  and  in  artificial  manures. 
But,  obviously  essential  elements  in  the  enquiry  are — what  propor- 
tion of  the  various  constituents  of  the  purchased  cattle  food  will  be 
obtained  in  the  form  of  meat  ? — ^what  proportion  will  be  expended 
or  lost  by  the  respiration  and  perspiration  of  the  animal  ? — and  how 
much  will  remain  as  manure  ? 

Let  me  put  a  case  to  illustrate  the  point  in  question.  1  cwt.  of 
rape-cake  will  cost  six  shillings,  and  1  cwt.  of  linseed-cake  about 
twice  as  much.  If  applied  at  once  to  the  soil,  these  two  substances 
would  be  of  very  nearly  the  same  value  as  manure.  Both  would 
supply  about  8lbs.  of  mineral  matter,  and  about  90lbs  of  organic 
matter,  containing  nitrogen  equal  to  about  6  Jibs,  of  ammonia.  But 
the  linseed-cake  is  first  employed  for  the  feeding  of  stock,  and  the 
questions  arise — ^how  much  of  the  above  constituents  will  go  to  form 
increase  ?  how  much  will  be  expended  or  lost  by  the  vital  processes 
of  the  animal  ?  and  how  much  will  remain  for  manure  ?   Now, 
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these  points  can  only  be  settled  by  very  laborious  scientific  investi- 
gation. I  conld  give  yon  a  long  list  of  the  names  of  those  who 
have  experimeoted  upon  one  or  other  branch  of  the  enqniry ;  and 
the  snbject,  in  one  or  other  of  its  aspects,  has  been  nnder  experiment 
at  Sothamsted,  from  time  to  time,  for  more  than  twenty  years. 
Well,  it  may  perhaps  safely  be  assmned  that,  of  the  total  dij  or 
solid  matter  of  the  linseed-cake,  not  more  than  10  per  cent.,  and  of 
its  total  nitrogen  not  more  than  5  per  cent.,  will  be  retained  by 
the  animal  as  increase.  Of  the  total  solid  matter,  however,  a  large 
proportion  will  be  expended  by  the  respiration  of  the  animal; 
leaving,  in  fact,  only  about  26  or  30  per  cent,  of  the  whole  as 
manure.  But  the  essential  point  whether,  besides  the  small  pro- 
portion of  the  nitrogen  of  the  food  which  is  stored  up  in  the  increase 
of  the  animal,  another  portion  is  expended  and  lost  by  respiration 
and  perspiration,  or  whether  the  whole  of  that  which  is  not  retained 
by  the  animal  remains  for  manure,  can  hardly  be  said  to  be  abso- 
lutely settled.  The  balance  of  the  evidence  is,  however,  in  favour 
of  the  view  that  there  is  no  loss  of  the  nitrogen  of  the  food  except- 
ing that  which  contributes  to  the  increase  of  the  animal,  and  that 
which  may  be  due  to  the  decomposition  of  the  manure  after  the 
animal  has  produced  it. 

I  have  brought  forward  these  illustrations  to  show  you  how  much 
time,  labour,  and  money,  must  be  expended  in  scientific  enquiry, 
before  some  of  the  most  fundamental  practices  of  agriculture  can  be 
thoroughly  understood ;  and  before,  therefore  the  £  s.  d.  standard 
of  calculation  can  be  rigidly  applied  to  them.  Whilst,  however, 
much  remains  to  be  done  before  we  can  discuss  some  important 
branches  of  the  science  of  agriculture  "  with  a  view  to  profit,"  we 
can,  I  think,  in  the  mean  time,  learn  much  from  the  results  of  field 
experiments,  if  conducted  on  a  sufiiciently  large  scale,  for  a  sufficient 
length  of  time,  and  with  due  regard  to  accuracy.  I  believe  the 
experiments  at  Rothamsted  meet  these  requirements ;  and  I  now 
propose  to  consider  how  far  the  results  of  some  of  them  are  applica- 
ble to  agriculture  "  with  a  view  to  profit." 

Among  .the  results  of  the  Rothamsted  field-experiments  there  is 

one  fact  which  stands  out  with  the  greatest  possible  prominence ;  viz^ 

that  certain  substances, which  constitute  a  very  small  proportion  of  the 

crops,  exert  a  very  striking  influence  on  their  growth  when  employed 

as  manures.    Thus,  nitrogen,  in  the  form  of  ammonia-salts,  or 
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nitrate  of  soda,  used  in  admixture  with  superphosphate  of  lime,  and 
applied  to  the  Rothamsted  soil  when  in  an  agricultural  sense  in  a 
state  of  exhaustion — ^that  is  when  it  is  unfit  to  grow  another  grain- 
crop  without  manure — ^will  yield  a  full  crop  of  corn  ;  and  with  a 
repetition  of  the  manure  each  year,  will  continue  to  do  so  for  many 
years  in  succession. 

For  example,  a  mixture  of  SOOlbs.  of  superphosphate  of  lime,  and 
200lbs.  of  ammonia-salts,  applied  every  year  for  nineteen  years,  has 
yielded  almost  exactly  the  same  amount  of  barley  as  SOOlbs.  of 
superphosphate  of  lime  and  l,000lbs.  of  rape-cake,  or  as  fourteen 
tons  of  dung,  applied  annually  for  the  same  period.  Each  of  the 
three  has  given  an  average  of  about  forty-eight  bushels,  or  six 
quarters  of  barley,  and  about  28cwts.  of  straw.  Nitrate  of  soda 
has  not  been  used  in  similar  combination  for  so  long  a  period ; 
but  it  may  be  assumed,  that  if,  instead  of  the  200lbs.  of  ammonia- 
salts,  275lb3.  of  nitrate  of  soda  had  been  employed  every  year  with 
the  superphosphate  of  lime,  almost  identically  the  same  result  would 
have  been  obtained. 

Now,  let  us  compare  the  quantity  of  certain  constituents  in  forty- 
eight  bushels  of  barley,  and  its  straw,  with  that  of  the  same  consti- 
tuents contained  in  the  above-named  different  kinds  of  manure 
which  will  produce  it.     The  following  table  illustrates  the  point. 


6  Qrs.  barley  and  28cwt8.  straw 
14  Tons  farm-yard  mannre  . . . . 

1000  lbs.  Rape-cake 

SOO  lbs.  Ammonia-salts 

275  lb8.Nitrate  of  soda 


Drj^ 

1 

Organic 

Mineral 

Nitro-  ) 

matter. 

matter. 

gen.    1 

lbs. 

lbs. 

lbs.    ! 

4566 

196 

66     , 

8640 

868 

200     , 

810 

80 

50     1 

•  • 

•  • 

41 

«  • 

•  • 

41 

Thus,  of  dry  organic  matter  the  crop  would  contain  about  4,566 
lbs.,  or  rather  more  than  two  tons.  Of  such  substance  the  annual 
dressing  of  dung  would  supply  nearly  twice  as  much,  and  the  rape- 
cake  not  one-fifth  as  much  as  the  crop  contained ;  whilst  the  am- 
monia-salts, or  nitrate  of  soda,  would  supply  none  at  all.       Of 

mineral  matter,  again,  the  dung  would  annually  supply  very  much 
more,  and  the  rape-cake  very  much  less  than  the  crop  contained. 
Of  nitrogen,  too,  the  dung  would  contain  from  three  to  four  times 
as  much  as  the  crop ;  whilst  neither  the  rape-cake,  the  ammonia- 
salts,  nor  the  nitrate,  would  contain  as  much  as  the  crop.     Practi- 
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callj,  then,  we  obtain  the  same  quantity  of  corn  and  straw  whether 
we  supply  much  more  or  much  less  organic  matter  than  the  crop 
contains,  or  even  none  at  all.  In  fact,  more  than  90  per  cent,  of 
the  really  dry  substance  of  the  crop  may  be  derived,  either  directly 
or  indirectly,  from  the  air  and  water,  and  not  from  the  substance  of 
the  soil  itself,  or  of  the  manure. 

A  similar  result  is  brought  out  even  more  strikingly  in  the  ex- 
psriments  on  the  continuous  growth  of  wheat.  To  one  plot  in  the 
experimental  wheat  field,  14  tons  of  farm-yard  dung  per  acre  have 
been  applied  annually  for  27  years  in  succession  ;  but  the  amount 
of  produce  yielded  by  it  is  exceeded  by  that  from  mixtures  of  mine- 
ral and  nitrogenous  manure,  supplying  no  organic  matter  whatever. 
It  may  be  considered  established,  then,  that,  at  any  rate  in  the 
case  of  moderately  heavy  soil  such  as  that  at  Rothamsted,  the  only 
manures  required  for  the  production  of  good  corn  crops  for  a  number 
of  years  in  succession,  are  such  as  will  supply  certain  mineral  con- 
stituents, and  nitrogen,  the  latter  either  in  the  form  of  ammonia- 
salts,  or  nitrate  of  soda. 

Referring  again  to  the  results  with  the  barley,  I  wish  to  recall 
your  attention  prominently  to  the  fact,  that  the  14  tons  of  farm- 
yard manure,  which  gave  only  the  same  amount  of  produce  as  the 
mixture  of  superphosphate  of  lime  and  ammonia-salts,or  superphos- 
phate of  lime  and  nitrate  of  soda,  not  only  supplied  large  quantities 
of  organic  and  mineral  constituents  of  which  the  artificial  mixtures 
contained  none,  but  it  also  supplied  probably  between  four  and  five 
times  as  much  nitrogen  as  either  of  the  artificial  mixtures,  and  yet 
only  gave  the  same  amount  of  crop.  The  salts  of  ammonia  sup- 
plied 411bs.  of  nitrogen  in  the  form  of  ammonia ;  the  nitrate  of 
Boda  also  411bs.  in  the  form  of  nitric  acid  ;  and,  for  some  years, 
an  amount  of  ammonia-salts  containing  821bs.  of  nitrogen  was 
applied  to  one  series  of  plots,  but  this  was  found  to  be  too  much, 
the  crop  generally  being  too  heavy,  and  laid.  Yet,  probably  about 
200lb3.  of  nitrogen  was  annually  supphed  in  the  dung,  but  with  it 
there  was  no  over-luxuriance,  and  no  more  crop  than  where  41lbs.  of 
nitrogen  was  supplied  in  the  form  of  ammonia  or  nitric  acid.  How 
iis  this  to  be  accounted  for  ? 

The  answer  to  this  question  must  be,  that  the  activity  of  vegeta- 
tion does  not  depend  alone  upon  the  mere  amount  of  the  required 
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constitnents  provided  within  the  soil ;  but  veiy  materially  also  on 
the  state  of  their  combination,  and  distribntion,being  sach  that  they 
can  be  taken  up  by  the  growing  plants.  Only  a  comparativdy 
small  proportion  of  the  nitrogen  of  the  dung  exists  as  ready-formed 
ammonia,  and  the  remainder  only  very  gradually  passes  into  that 
state  of  combination.  Hence  it  is  that  dung  is  found  to  be  what  is 
considered  by  some  so  desirable — ^namely,  a  lasting  manure ;  that  is 
to  say,  a  manure  which  only  yields  up  its  fertilising  constituents 
very  slowly.  Salts  of  ammonia  and  nitrate  of  soda  are,  on  the 
other  hand,  both  very  soluble  in  water;  but,  when  applied  as 
manure,  the  ammonia  of  the  ammonia-salts  is  much  more  readily 
absorbed  and  retained  by  the  soil  than  is  the  nitric  acid  of  the 
nitrate.  The  latter,  consequently,  distributes  more  rapidly,  and 
is  more  liable  to  be  dissolved  by  heavy  rains,  and  washed  into  the 
drains,  or  the  sub-soil ;  though  a  portion  of  the  ammonia  of  the  am- 
monia-salts itself  becomes  converted  into  nitric  acid,  and  then  is 
subject,  in  like  manner,  to  loss  by  drainage. 

The  farmer  has,  therefore,  to  deal  with  that  very  important  con- 
stituent of  manure — nitrogen — in  very  different  conditions  of  com- 
bination, in  which  it  acts  very  differently  when  applied  to  the  soiL 
It  is  probable  that  when  the  re-actions  of  these  various  descriptions 
of  nitrogenous  manure  on  different  descriptions  of  soil  have  been 
more  carefully  investigated,  and  are  better  understood,  some  con- 
siderable saving  may  be  effected  in  their  use.  At  Bothamsted,  in 
the  experiments  on  wheat  less,  and  in  those  on  barley  not  much 
more,  than  half  of  the  nitrogen  supplied  as  ammonia-salts  or  nitrate 
of  soda  is  recovered  as  increase  of  produce  in  the  first  crop ;  and 
only  from  one-sixth  to  one-fifth  of  that  which  is  supplied  in  the 
form  of  dung  is  so  recovered.  Our  attention  is  now  directed  to  this 
subject,  and  experiments  are  in  progress  to  determine  whether  a  re- 
duced amount  of  these  valuable  manures  will  not  yield  an  equal 
result,  if  applied  more  carefully  in  close  proximity  to  the  growing 
plant. 

Taking,  however,  the  Rothamsted  experiments  as  they  stand, 
let  us  now  examine — what  results  they  give  when  brought  to  the 
standard  of  profit  and  loss  ?  In  the  barley  field  the  average  annual 
produce  obtained  by  the  annual  application  of  SOOlbs.  of  superphos- 
phate of  lime,  and  200lbs.  of  salts  of  ammonia,  or  instead  27dlbs.  of 
nitrate  of  soda,  has  been,  as  already  stated,  about  6  quarters,  or  48 
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bufiheb  of  dressed  com,  and  28cwt8.  of  straw.  As  the  supply  of 
nitrate  of  soda  in  the  market  is  much  greater  than  that  of  the  am- 
monia-salts, I  will  adopt  the  nitrate  as  the  basis  of  calculation. 

We  have  then  the  cost  of  the  crop  per  acre,  approximately  as  fol- 
lows : — 

£    8.  d. 

2751bB.,  or  say  2icwt8.,  nitrate  of  soda,  at  16b 2    0  0 

2}cwt8.  superphosphate  of  lime,  at  os 0  18  9 

Sowing  Mannre 0    16 

Rent,  tithe,  and  rates  1  15  0 

Ploughing   0  10  0 

Scarifying   0    8  0 

Harrowing  0    4  0 

Boiling 0    2  0 

Drilling 0    2  0 

3  bushels  seed,  at  4s.  Sd 0  12  9 

Hoeing  and  Weeding    0    7  0 

Harvesting  0  10  0 

Thrashing  and  dressing,  at  28.  per  quarter 0  12  0 

£7  18    0 

The  above  may  be  considered  as  a  close  approximation  to  what 
would  be  the  annual  cost  of  growing  a  crop  of  barley  for  a  number 
of  years  in  succession,  at  Rothamsted. 

On  the  other  side  of  the  account  we  have — 

£  s.  d. 

6  quarters  of  dressed  barley,  at  £1  16s.  per  quarter 10  16  0 

3  bushels  of  offal  barley,  at  28.  6d 0    7  6 

28cwt8.  of  straw,  at  Is. 18  0 

12  11    6 
Cost  of  the  crop 7  13    0 

Profit  per  aore £4  18    6 

I  will  next  call  your  attention  to  a  few  of  the  experiments  on  the 
continuous  growth  of  wheat.  The  first  crop  of  the  series  was 
harvested  in  1844,  and  the  28th  in  succession  is  now  growing. 
Omitting  the  results  of  the  first  eight  years — 1844  to  1851  inclusive 
— ^when  the  manures  were  not  exactly  the  same  as  they  have  been 
since,  we  have,  as  in  the  case  of  the  barley,  a  period  of  19  years — 
1852  to  1870  inclusive — during  which  the  same  manures  have  been 
applied  to  the  same  plots  year  after  year.  Plot  5  has  received  each 
year  a  mixture  of  salts  of  potass,  soda,  and  magnesia,  and  super- 
phosphate of  lime ;  Plot  6  the  same  mineral  manures  as  Plot  5,  with 
200lbs.  of  ammonia-salts  per  acre  ;  Plot  7  the  same  mineral 
manures,  and  400lb8.  of  ammonia-salts  per  acre ;  and  Plot  9  the 
same  mineral  manures,  and  5501bs.  of  nitrate  of  soda  per  acre. 
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The  following  are  the  average  results  over  the  19  years  : — 


5 
6 
7 
9 
2 

Per  Acre,  per  Annum  ;  19  years,  1862-1870. 

Manures. 

Aver.  Produce 

Dressed 
Com. 

Straw 

Mixed  Mineral  Manure,  alone 

Bash. 
17 
27 
36 
37 
36 

Gwt& 
15 
25 
36 
41 
34 

Ditto,          Ditto,  and  200lbs.  am.  salts 

Ditto,          Ditto,  and  400ibs.  am.  salts 

Ditto,          Ditto,  and  SSOibs.  nit.  soda 

14  Tons  Farm-yard  dung     

Thus,  the  mixed  mineral  manures  alone  give,  over  19  years,  an 
average  annual  produce  of  wheat,  of  17  bushels  of  corn,  and  15c  wts. 
of  straw,  per  acre.  The  addition  of  200lb3.  of  ammonia-salts  per 
acre  to  the  mineral  manures  gives  an  increase  of  10  bushels  of  corn, 
and  lOcwts.  of  straw ;  the  addition  of  400lbs.  of  ammonia-salts 
to  the  mineral  manures  gives  an  increase  of  19  bushels  of  corn,  and 
21cwts.  of  straw  ;  and  the  addition  of  550lb3.  of  nitrate  of  soda  to 
the  mineral  manures  gives  an  increase  of  20  bushels  of  corn,  and 
26cwts.  of  straw.  The  farm-yard  dung,  on  the  other  hand,  gives 
the  same  amount  of  corn,  but  2cwts.  less  straw  than  the  mineral 
manures  and  4001bs.  of  ammonia-salts;  and  1  bushel  less  corn,  and 
7cwts.  less  straw,  than  the  mineral  manures  and  550lbs.  of  nitrate 
of  soda. 

It  is  evident  from  these  results  that,  in  the  case  of  moderately 
heavy  land  like  that  of  the  experimental  field  at  Rothamsted,  fall 
crops  of  wheat  may  be  grown  for  many  years  in  succession,  by 
means  of  the  annual  application  of  certain  mineral  constituents, 
with  ammonia-salts,  or  nitrate  of  soda,  in  addition. 

Taking,  again,  the  cost  and  result  with  nitrate  of  soda  as  the 

basis  of  calculation,  the  following  will  be  the  money  account  per 

acre  of  the  experiment  on  the  continuous  growth  of  wheat. 

£  a.  d. 

5501b8.,  or  say  5cwts.,  nitrate  of  soda,  at  16b 4    0  0 

Saltd  of  potass,  soda,  and  magnesia   2  10  0 

2|  cwts.  superphosphate  of  lime,  at  58 0  13  9 

Sowing  manare 0    16 

Rent,  tithe,  and  rates    1  15  0 

Ploughing   0  10  0 

Scarifying   0    3  0 

Harrowing 0    4  0 

Rolling 0    2  0 

Drilling    0     2  0 

2  bushels  seed,  at  6s 0  12  0 

Hoeing  and  weeding 10  0 

Harvesting 10  0 

Thrashing  and  dressing,  at  2s.  per  quarter 0    9  3 

£18    2    6 
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On  the  other  side  of  the  account  we  have — ' 

£  8.  d. 

37  bushels  of  dressed  wheat,  at  68 11  2  0 

2^  bushels  of  offal  corn,  at  28 0  5  0 

41  owts.  of  straw,  at  208.  per  load  (l,296ib6.) 3  10  10 

14  17  10 
Cost  of  the  crop 13    2    6 

Profit  per  acre £1  15    4 

There  are  several  reasons  why  the  results  with  the  wheat  are  not 
80  satisfactory  as  those  with  the  barley  in  point  of  profit.  The 
crop  is  much  more  costly  to  keep  clean ;  and,  as  you  will  see,  I 
have  charged  seven  shillings  for  hoeing  an  acre  of  barley,  but  twenty 
shillings  for  hoeing  and  cleaning  an  acre  of  wheat.  Again,  for  a 
given  weight  of  corn,  there  is  nearly  one-and-a-half  time  as  much 
wheat  straw  as  barley  straw  ;  and  with  the  winter-sown  and  stronger 
straw  crop,  we  are  enabled,  in  the  average  of  seasons,  to  ripen  a 
greater  weight  of  total  produce.  The  result  is,  that,  to  obtain  a 
full  crop  of  wheat,  we  have  to  employ  about  twice  as  much  am- 
monia-salts, or  nitrate  of  soda,  as  is  required  to  yield  what  may 
be  called  a  corresponding  crop  of  barley.  Thus,  48  bushels  of 
barley,  and  36  or  37  bushels  of  wheat,  may  be  taken  as  of  nearly 
equal  money  value  ;  but  to  grow  48  bushels  of  barley  we  have  used 
only  200lbs.  of  ammonia-salts,  or  275lbs.  of  nitrate  of  soda,  pro- 
ducing at  the  same  time  only  28cwts.  of  straw  ;  whereas  to  get  36 
or  37  bushels  of  wheat,  we  used  400lbs.  of  ammonia  salts,  or  650 
Ibe.  nitrate  of  soda,  and  produced  about  two  tons  of  straw  ;  with- 
drawing, of  course,  at  the  same  time,  much  more  mineral  matter 
from  the  soil. 

It  is  obvious  that,  in  growing  wheat  or  barley  year  after  year  by 
the  manures  above  described,  and  removing  both  corn  and  straw 
from  the  land,  the  exhaustion  of  mineral  constituents  will  show 
itself  sooner  in  the  case  of  wheat  than  in  that  of  barley.  Hence  it 
is  that,  in  the  wheat  account  given  above,  there  is  the  heavy  charge 
of  50s.  for  salts  of  potass,  soda,  and  magnesia ;  whilst  there 
18  no  such  chaise  against  the  barley  crop.  The  amount  of  those 
salts  annually  used  in  the  particular  experiments  quoted  was,  it  is 
true,  considerably  more  than  would  be  required  to  compensate  for 
the  exhaustion  by  the  increase  of  crop  obtained.  It  must  be  dis- 
tinctly borne  in  mind,  however,  that  the  Rothamsted  experiments 
are  not  arranged  with  a  view  to  providing  direct  examples  of  profit. 
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At  the  same  time,  the  fact  is  clearly  brought  oat,  that  more  money 
must  be  expended  on  nitrogenous  manures  to  yield  a  given  money- 
value  in  wheat-grain,  than  an  equal  value  in  barley-grain.  Calcu- 
lations show,  indeed,  that,  of  a  given  amount  of  the  expensive  con- 
stituent nitrogen  supplied  in  manure,  a  larger  proportion  is  taken 
up  from  the  soil  by  the  barley  than  by  the  wheat  crop. 

To  conclude,  in  regard  to  the  wheat  experiments,  I  am  sure  yon 
will  agree  with  me  that  the  fact  of  having  removed  27  full  crops  in 
succession  from  the  same  land,  is  one  of  the  greatest  possible  in- 
terest and  importance,  as  showing  what  constituents  must,  and 
what  need  not,  be  applied  to  the  soil  for  the  successful  growth  of 
the  crop.  But,  although  the  growth  of  wheat  under  such  circum- 
stances may  require  the  employment,  as  manure,  of  expensive 
constituents,  such  as  potass,  it  is  by  no  means  to  be  concluded  that 
such  manures  would  be  requisite  under  the  very  much  modified 
application  of  the  system  of  more  frequent  com  growing,  which 
could  alone  be  followed  in  farming  "  with  a  view  to  profit." 

As  the  experiments  on  the  continuous  growth  of  oats,  at  Rotham- 
sted,  have  as  yet  only  extended  over  two  seasons,  I  will  not  occupy 
your  time  by  following  up  the  illustration  as  to  profit  in  regard  to 
that  crop.  The  land  devoted  to  the  experiments  was  dunged  for 
beans  in  1864 ;  it  then  grew  wheat  in  1865  ;  beans  in  1866,  and 
wheat  in  1867  and  1868,  all  without  manure  :  and  the  first  expe- 
rimental oat-crop  was  taken  in  1869.  In  regard  to  the  results,  it 
will  suffice  to  say,  that  the  same  mixture  of  superphosphate  of  lime, 
salts  of  the  alkalies,  and  ammonia-salts,  or  nitrate  of  soda,  as  was 
employed  for  the  wheat  (on  plots  7  and  9  respectively),  gave,  in 
the  favourable  season  of  1869,  about  70  bushels  of  oats,  and  about 
SOcwts.  of  straw,  and  in  the  unfavourable  one  of  1870,  about  50 
bushels  of  oats,  and  28^wts.  of  straw. 

I  will  now  direct  your  attention  to  some  experiments  on  rotation* 
In  one  field  at  Kothamsted  an  experiment  on  rotation  of  crops  has 
now  been  carried  on  for  nearly  24  years.  The  course  followed  ia — 
turnips  ;  barley  ;  clover,  beans,  or  fallow ;  and  wheat.  On  one  por- 
tion the  swedes  are  very  highly  manured,  with  a  mixture  of  rape- 
cake,  salts  of  ammonia,  superphosphate  of  lime,  and  salts  of  potasH, 
soda,  and  magnesia.  From  one  half  of  this  piece  the  whole  of  the 
BW^edes,  both  roots  and  tops,  are  carted  off ;  and  on  the  other  half  the 
crop  is  consumed  on  the  land  by  sheep.    The  24th  cropy  that  is  the 
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last  of  the  sixth  course,  is  now  growing.  Omitting  the  first  course, 
in  which  Norfolk  whites  and  clover  were  grown,  and  the  sixth,  which 
is  not  yet  completed,  the  following  are  the  quantities  of  roots,  and 
of  dressed  com,  per  acre,  obtained  in  the  second,  third,  fourth,  and 
fifth  courses. 


Crop,  te.     • 


Svredes  Carted 
off  the  Land. 


Swedes  Gon- 
■umed  on  Land. 


Snd  COURSE. 


1853. 
1854. 
1855. 


Swedes 
Barley 
Beans 
Wheat 


19*  Tons. 

88}  Bushels. 

10 

87i        „ 


19^  Tons. 
354  Bushels. 
13| 
401 


8ril  COURSE. 


1856. 
1857. 
1858. 
1859. 


Swerles 
Barley 
Beans 
Wheat 


Iflf  Tons. 
48    Bushels. 


V2h 
39} 


17    Tons, 
63i  Bushels. 

14? 


4th  COURSE. 


1860. 
1861. 
1862. 
1863. 


Bwede.s 
Barley 
Beans 
Wheat 


4^  Tons. 
60}  Bushels. 
434        „ 
46J 


3i  Tons. 
54}  Bushels. 

411 
44| 


5th  COURSE. 


1864 Sweden 

l!i65 Barley 

1866 Beans 

1867 Wheat 


8}  Tons. 
47A  Bushels. 
20j 

23! 


Hi  Tons. 
43*  Bushels. 

24f 

2l] 


»» 


SaMMA.RY— AVERAGE  OF  THE  FOUR  COURSES. 


1852.  *58,  '60,  *64  ..  Swedes 

1853, '57, '61, '65  ..  Barley 

1854,  '68.  *62,  '66  ..  Beans 

1855,  '59.  '63,  '67  . .  Wheat 


12J  Tons. 
48|  Bushels. 
2lJ        „ 
36?        „ 


12    Tons. 
49    Bushels. 
23j 

36 


!t 


Thus,  the  average  produce  of  swedes  was  about  12  tons  of  roots*' 
and  there  were  besides  about  |  ton  of  tops.  The  manures  applied  to 
each  crop  of  turnips,  if  they  had  been  employed  directly  for  barley, 
would  have  been  sufficient  to  grow  three  crops  of  about  6  quarters 
each ;  that  is,  in  all,  18  quarters  of  barley.  Yet,  we  find  that  the 
average  yield  of  the  rotation  where  the  whole  of  the  roots  were  con- 
sumed on  the  land,  was  almost  exactlv  the  same  as  where  thev  had 
been  carted  off.  The  condition  of  these  two  plots  must,  however, 
have  been  very  different.  The  amount  of  nitrogen  alone,  returned 
to  the  land  by  the  stock  consuming  the  turnip  crop,  would  probably 
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be  equal  to  that  contained  in  between  400  and  dOOIbs.  of  nitrate  of 
soda. 

From  the  results  of  these  experiments  we  may  learn  : — 

1.  That  the  growth  of  the  root-crop  did  not  of  itself  contribute 
anything  to  the  fertility  of  the  land. 

2.  That  the  treading  of  the  land  by  the  stock  was  injurious  to 
the  succeeding  barley-crop. 

3.  That  it  is  not  alone  the  quantity  of  manurial  constituents 
applied,  which  determines  the  amount  of  the  crop  ;  but  that  the 
effect  depends  very  much  upon  the  condition  in  which  the  con- 
stituents exist  within  the  soil. 

A  careful  consideration  of  these  results,  and  also  of  those  of  experi- 
ments in  which  swedes  have  been  grown  year  after  year  for  many  years 
in  succession  on  the  same  land,  leads  me  to  the  conclusion,  that  on 
the  heavier  class  of  soils,  where  the  treading  of  sheep  is  injurious, 
the  turnip  crop,  if  not  out  of  place,  might  at  all  events  with 
advantage  occupy  a  much  less  proportion  of  the  area  of  the  farm 
than  it  usually  does.  There  are  many  and  obvious  reasons  why  it 
would  be  impracticable  to  devote  the  whole  of  the  arable  land  of  a 
farm  to  the  growth  of  com  ;  and  if  I  were  farming  with  a  view  to 
profit  alone,  I  should  not  attempt  to  do  so.  But,  taking  as  a  basis 
the  facts  that,  on  moderately  heavy,  and  heavy  land,  full  crops  of 
wheat,  barley,  or  oats,  may  be  grown  with  certainty  for  some  years 
in  succession,  by  means  of  artificial  manures  containing  soluble 
phosphate,  and  nitrogen  in  the  form  of  ammonia  or  nitric  acid,  and 
that  the  increased  produce  obtained  by  these  manures  is  remunera- 
tive, I  should  certainly  devote  a  much  larger  proportion  of  my  land 
to  com  than  is  usual  in  the  district.  To  give  an  example  of  what 
I  have  done  in  this  direction,  I  may  mention  that  a  field  adjoining 
the  experimental  barley  field,  received  a  heavy  dressing  of  dung  and 
artificial  manure  for  mangolds  in  1866,  and  since  then  it  has  grown 
wheat,  oats,  barley,  and  barley,  in  succession.  The  last  two  crops 
of  barley  have  each  been  fully  seven  quarters  per  acre ;  and  another 
com  crop  is  to  be  taken  from  the  land  in  the  coming  season. 

I  am  also  disposed  to  give  up  the  growth  of  tumips  altogether ; 
growing  no  other  roots  but  mangolds,  and  these  probably  to  the 
extent  of  not  more  than  l-15th  or  l-20th  of  the  arable  land  of  the 
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farm.  Under  this  system  the  land  for  the  mangolds  should  he 
manured  very  heavily  with  dung,  applied  partly  in  the  autumn  and 
partly  in  the  spring,  and  also  with  artificial  manure  at  the  time 
of  sowing.  It  would  be  advisable,  too,  to  prepare  the  land  for  the 
spring  com  as  much  as  possible  in  the  autumn,  by  means  of 
steam  ;  and,  of  course,  altogether  to  avoid  injury  by  treading  with 
sheep  in  wet  weather.  To  what  extent  such  a  system  would  be 
applicable  and  profitable  in  other  districts  must  be  left  in  great 
measure  to  the  judgment  of  the  individual  farmer  to  decide. 

In  the  '*  Report  on  the  Farm-Prize  Competition,  1870,"  published 
in  the  last  number  of  the  Journal  of  the  Royal  Agricultural  Society 
of  England,  Mr.  Keary  condemns  the  system  of  growing  more 
frequent  com  crops,  by  the  use  of  artificial  manures.  On  the  other 
hand,  in  the  Agricultural  Gazette,  for  November  5,  and  November  19, 
we  have  an  account  of  the  successful  cultivation  of  a  farm  on  which 
830  to  350  acres  of  grain  are  grown  out  of  a  total  area  of 
450.  The  whole  produce,  com  and  straw,  is  sold  off  the  farm ;  no 
stock  is  kept ;  and  no  meat  is  produced.  There  can  be  no  diflBculty 
whatever  in  agreeing  with  Mr.  Keary  in  doubting  whether,  upon 
light  soils,  where  the  treading  of  sheep  is  beneficial,  "  the  alterna- 
tion of  green  and  white  crops  can  properly  be  departed  from ; "  and 
for  my  part,  I  do  not  recommend  that  it  should  be  on  such  soils, 
unless  under  very  special  circumstances.  I  equally  agree  with 
Mr.  Prout,  that  on  soils  of  quite  another  description,  both  roots  and 
stock  may  be  more  plague  than  profit ;  and,  in  fact,  that,  by  means 
of  steam,  or  other  deep  cultivation,  and  the  judicious  employment 
of  those  special  fertilisers  which  experience  shows  to  be  advantage- 
ous, remunerative  com-crops  can  be  grown  over  a  larger  area  of  the 
farm  than  is  consistent  with  our  recognised  systems  of  rotation. 
Cleanliness  is,  however,  an  essential  element  in  the  profitable  growth 
of  com  ;  and  when  the  land  becomes  foul,  the  com  growing  should 
be  suspended,  and  a  fallow  or  cleaning  crop  taken. 

The  time  is  past  for  maintaining  a  servile  adherence  to  fixed 
systems  of  rotation  as  essential  to  profitable  agriculture,  whatever 
the  description  of  the  land,  the  intelligence  of  the  farmer,  or  the 
local  conditions  of  his  farm.  Whether  we  look  to  the  greatly 
extended  knowledge  of  the  present  cultivators  of  the  soil,  to  the 
greatly  increased  command  of  the  elements  of  fertility  in  the  form 
of  purchased  cattle  foods  and  manures,  to  the  marvellous  develop- 
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ment  of  mechanical  appliances,  or  to  the  increased  facilities  for 
transit  and  for  the  carriage  of  produce,  it  most  be  admitted  that  the 
farmer  of  the  present  day,  as  compared  with  his  predecessors,  has 
very  marked  advantages.  And  it  is  only  reasonable  to  suppose,  that 
these  great  changes  should  have  a  commensurate  influence  in  modi- 
fying systems  and  practices  which  owe  their  origin,  and  their 
reason,  to  other  times  and  to  other  circumstances. 

In  conclusion :  if  those  who  farm  "  with  a  view  to  profit "  can 
gather  nothing  else  from  the  results  of  the  Bothamsted  experiments, 
they  may  at  least  learn  with  what  certainty  of  result  certain  man- 
orial substances  may  be  employed  for  the  increased  production  of 
some  of  the  most  important  crops  which  they  cultivate ;  and  I  am 
sure  I  may  safely  leave  it  to  the  intelligence  and  the  judgment  of 
those  I  am  addressing,  to  decide,  each  for  himself,  how  far  his  own 
particular  soil,  and  other  circumstances,  will  justify  him  in  modify- 
ing his  present  practice  in  the  direction  I  have  indicated. 

Rothamsfed,  December,  1870. 
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THE 

DROUGHT  OF   1870, 


AND  THE 


EXPERDIENTAL  CROPS  AT  ROTHAMSTED. 


The  rainfall  of  Great  Britain  is  usually  sufficient  for  the  growth 
of  a  considerable  variety  of  crops,  in  fairly  abundant  quantity. 
Indeed,  so  far  at  least  as  the  growth  of  corn  is  concerned,  our 
fears  are  of  injury  from  an  excess  rather  than  from  a  deficiency 
of  rain.  It  is  only  occasionally,  and  generally  at  long  intervalsi 
that  a  season  of  great  drought  occurs ;  and  then  it  is  that  we 
forcibly  realise  how  essential  for  luxuriant  vegetation  is  an 
abundant  supply  of  water. 

Throughout  the  Midland,  Southern,  and  Eastern  portions  of 
England,  the  year  1870,  just  past,  has  been  characterised  by 
a  season  of  drought,  commencing  with  the  period  when  vegetation 
usually  becomes  active,  and  extending,  with  little  intermission,  to 
the  time  when  its  activity  has  upon  the  whole  greatly  diminished, 
and  in  the  case  of  some  crops  entirely  ceased.  To  find  a  parallel 
we  must  go  back  to  1844,  or  more  than  a  quarter  of  a  century. 
The  summer  of  1868  was,  it  is  true,  one  of  great  drought ;  and, 
being  hotter  than  that  of  1870,  it  is  not  improbable  that  there 
was  at  some  periods  of  it  a  greater  deficiency  of  moisture  in  the 
soil  than  in  the  latter  year.  In  fact,  those  who  travelled  through 
the  Southern  and  Midland  counties  of  England  in  July,  1868, 
will  not  soon  forget  the  almost  entire  absence  .of  green  in  the 
meadows,  and  the  intense  heat  of  the  atmosphere,  resembling 
more  what  we  read  of  in  tropical  countries  than  the  usual  expe* 
rience  of  our  own  summers.  Although  both  the  drought  and 
heat  were  more  extreme  during  the  months  of  May,  June,  and 
July  in  1868  than  in  1870,  the  deficiency  of  rain  commenced  a 
month  earlier  and  extended  later  last  year ;  and  hence,  not  only 
the  first  crops  of  grass  and  hay,  but  also  the  second  growth, 
suffered  much  more  in  the  season  just  past  than  in  1868. 

It  is  only  when  crops  are  grown  under  precisely  similar 
circumstances,  as  to  manure  and  other  conditions,  for  many 
years  in  succession,  that  we  can  obtain  satisfactory  data  for 
studying  the  influence  of  variation  of  season  on  the  amount  and 
character  of  the  produce.  At  Rothamsted,  as  is  known  to  most 
of  the  readers  of  this  Journal,  numerous  experiments  on  the 
growth  of  various  crops,  each  grown  year  after  year  on  the  same 
land,  with  different  descriptions  of  manure,  the  same  description 
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being  applied  year  after  year  to  the  same  plot,  have  been  carried 
on  without  change  for  many  years ;  in  some  cases  reaching  back 
as  far  as  the  drought  of  1844,  above  referred  to.  Taking 
advantage  of  the  results  so  obtained,  it  is  proposed,  in  the 
present  paper,  to  consider  briefly  : — 

1.  The  probable  amount  of  water  exhaled  during  growth  by 
some  of  our  most  important  crops. 

2.  The  source  whence  the  required  supply  of  water  is  obtained. 

3.  The  difference  of  the  effects  of  the  drought  of  1870  on 
the  different  experimental  crops. 

Amount  op  Water  given  off  by  Plants  during  Growth. 

A  series  of  experiments  was  commenced  in  1849,  and  was 
continued  for  ten  years,  to  determine  the  amount  of  water  given 
off  by  plants  during  their  growth,  in  relation  to  the  amount  of 
the  various  constituents  they  assimilated.  Of  agricultural  plants, 
wheat,  barley,  and  mixed  grasses,  as  representatives  of  the 
Graminaceous  family ;  beans,  peas,  and  clover,  of  the  Leguminous 
family ;  and  swedes,  white  turnips,  mangolds,  potatoes,  and 
artichokes,  as  root-crops,  were  thus  experimented  upon.  Similar 
experiments  were  also  made  on  the  exhalation  by  evergreen 
and  deciduous  trees,  six  of  each  being  selected. 

The  plan  of  experimenting  was  as  follows : — Cylindrical 
vessels,  first  of  glass  and  afterwards  of  zinc,  14  inches  in  depth, 
9  inches  in  diameter,  and  holding  about  40  lbs.  of  soil,  were 
employed.  Soil  from  the  plot  in  the  experimental  wheat-field 
which  had  grown  10  successive  crops  without  manure  was  selected. 
The  general  rule  was  to  make  three  experiments  with  each  descrip- 
tion of  plant ;  one  with  the  above  soil  without  further  addition ; 
one  with  the  same  soil  with  purely  mineral  manure  added ;  and  the 
third  with  the  same  soil  and  both  mineral  manure  and  ammonia- 
salts  in  addition.  In  the  cases  of  wheat  and  barley,  plants  from 
three  seeds,  and  of  beans,  peas,  and  clover,  one  plant  only,  were 
planted  in  each  vessel.  A  glass  plate,  having  a  hole  in  the  centre 
about  three-quarters  of  an  inch  in  diameter  for  the  plants  to  grow 
through,  and  another  smaller  one,  closed  at  pleasure  by  a  cork,  for 
the  supply  of  water,  were  then  firmly  cemented  upon  the  top  of  each 
vessel.  One  vessel,  supplied  with  soil  and  fitted  with  a  glass 
cover  like  the  rest,  was,  however,  always  left  without  a  plant,  in 
order  to  ascertain  the  probable  amount  of  evaporation  from  the 
surface  of  the  soil  itself,  through  the  centre  orifice,  independently 
of  growth  ;  though,  in  the  experiments  with  plants,  the  hole 
was  always  partially  closed,  by  laying  small  pieces  of  glass 
over  it  as  far  as  the  stems  would  allow.  Of  course  in  experi- 
menting with  root-crops  the  holes  in  the  glass  covers  were  larger, 
but  they  were  kept  closed  around  the  plants  as  far  as  possible, 
in  the  manner  just  described. 
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Xhe  vessel  with  its  contents,  weighing  more  than  40  lbs.,  was 
weig^hed  from  time  to  time,  generally  every  ten  days  during 
active  growth,  by  means  of  a  delicate  balance  made  for  the 
purpose ;  which,  though  carrying  so  heavy  a  weight,  was  capable 
of  indicating  a  change  of  a  few  grains.  The  plants  were  of 
coarse  supplied  with  water  as  it  was  needed.  The  earlier 
results,  both  with  ag^ricultural  plants  and  trees,  are  published  in 
the  '  Journal  of  the  Horticultural  Society  of  London,'  and  to  the 
reports  there  given  we  must  refer  the  reader  for  the  details  of 
the  inquiry  as  far  as  they  are  yet  recorded.* 

Referring  here  only  to  the  results  obtained  with  some  of  the 
agricultural  plants,  it  will  be  sufficient  for  our  present  purpose  to 
summarise  them  as  follows : — 

1.  The  amount  of  water  given  off  by  the  plants  during 
g^wth  was  found  to  bear  relation  to  the  quantity  of  the  total 
dry  matter,  or  the  total  non-nitrogenous  substance,  fixed  or 
assimilated ;  and  within  somewhat  narrow  limits  the  same  re- 
lation was  observed  in  the  case  of  both  graminaceous  and  legu- 
minous corn-crops. 

2.  In  relation  to  a  given  quantity  of  water  exhaled,  twice  or 
three  times  as  much  nitrogenous  substance  is  fixed  by  a  legu- 
minous, as  by  a  graminaceous  cora-crop. 

3.  In  the  growth  and  ripening  of  either  graminaceous  or 
l^uminous  corn-crops,  probably  on  the  average  from  250  to 
300  parts  of  water  are  given  off  for  1  part  of  total  dry  substance 
fixed  or  assimilated. 

Before  considering  the  application  of  this  estimate  to  any 
special  cases,  it  may  be  well  to  give  an  illustration  of  its  bearing 
in  general  terms.  Several  plots  in  the  experimental  wheat-field 
give  an  average  of  about  3  tons  of  total  produce  (corn  and 
straw)  per  acre  per  annum ;  and  if  we  assume  one-sixth  of  this 
to  be  water,  we  have  remaining  2-j^  tons  of  dry  substance 
ripened  by  the  end  of  July,  or  the  middle  of  August,  each  year ; 
and  if  we  further  assume  that  300  parts  of  water  may  be  exhaled 
for  1  part  of  dry  substance  fixed,  we  have  300  x  2*5  =  750  tons 
of  water  evaporated  par  acre  by  the  growth  of  such  a  crop. 

Owing  to  the  difficulty  of  eliminating  surface  evaporation 
other  than  through  the  growing  herbage,  in  experiments  on 
the  exhalation  from  a  sod  of  mixed  glasses,  we  cannot  so  safely 
adopt  a  figure  to  represent  the  probable  average  amount  of 
water  given  off  for  1  part  of  dry  substance  fixed  in  their  case 


*  '  Experimental  inYesti^tion  into  the  amount  of  water  given  off  by  plants 
during  tneir  growth,  especially  in  rehition  to  the  fixation  and  source  of  their 
yarioos  constituenta.' — (*  Jour.  Hort.  Soc.  Lond.,'  vol.  y.  part  i.  1850.) 

'Report  upon  some  experiments  undertaken  at  the  suggestion  of  Professor 
Lindley,  to  ascertain  the  comparative  evaporating  properties  of  EWergreen  and 
Deciduous  Trees.* — (*  Jour.  Hort.  Soc.  Ix)nd.'  vol.  vi.  parts  iii.  and  iv.  18.M.) 
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as  in  that  of  their  ripened  allies,  wheat  and  barley.  We  will 
assume,  however,  for  the  purpose  of  illustration,  that  in  the 
growth  of  hay,  as  in  that  of  the  grain-crops,  about  300  parts  of 
water  will  be  exhaled  for  1  part  of  dry  substance  assimilated  ; 
and  since  one  of  the  experimental  plots  of  meadow  land  &t 
Rothamsted  has  given  an  average,  over  fifteen  years,  of  3  tons  of 
hay,  or  about  2^  tons  of  dry  substance  per  acre  per  annum,  its 
growth  would  again  represent  an  exhalation  of  about  750  tons  of 
water  per  acre  per  annum — but  extending  in  this  case  not  later 
than  to  the  middle  or  end  of  June. 

We  will  now  adduce  some  special  cases  illustrating  the 
amount  of  water  exhaled  by  different  crops,  and  their  dependence 
on  the  rainfall  of  the  period  of  active  growth,  or  on  the  supplies 
of  moisture  previously  accumulated  within  the  soil. 

Eesults  relating  to  the  Growth  op  the  Hay-crop. 

The  following  Table  (I.)  shows  the  amount  of  hay  obtained 
per  acre  each  year  for  fifteen  years  in  succession  (1856-1870)  : — 

1.  Without  manure. 

2.  With  mixed  mineral  manure  and  400  lbs.  ammonia-salts 
per  acre  per  annum. 

3.  With  mixed  mineral  manure  and  550  lbs.  nitrate  of  soda 
per  acre  per  annum  (thirteen  years  only,  1858-1870). 

The  Table  also  shows,  side  by  side  with  the  records  of  produce, 
the  amount  of  rain,  in  inches,  which  fell  at  Rothamsted  each  year 

Table  1. 
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during  the  months  of  April,  May,  and  June,  which  may  be 
considered  as  including  the  period  of  active  growth  of  the  hay- 
crop. 

Although  there  is  much  to  be  learnt  from  the  results  brought 
together  in  the  foregoing  Table,  much  more  information  than 
is  there  given  would  be  required — as  to  the  difference  in  the 
character  of  the  herbage  produced  under  the  different  conditions, 
the  distribution  of  the  rain,  the  degree  and  range  of  tempera- 
ture, and  the  mutual  adaptations  of  moisture,  heat,  and  stage  of 
growth'  of  the  plants — ^to  enable  us  to  account  for  all  the  fluc- 
tuations in  the  amounts  of  g^oss  produce  which  the  records 
show. 

It  is  seen  at  a  glance  that  the  fluctuations  from  year  to  year  in 
the  amounts  of  produce  without  manure,  though  doubtless  greatly 
dependent  on  the  quantity  and  distribution  of  the  rain  falling 
during  the  period  ojf  active  growth,  by  no  means  correspond  with 
the  fluctuations  in  the  total  amount  of  rain  during  the  three 
months.  Thus,  the  average  fail  for  the  three  months  is  6'56  inches, 
and  the  average  produce  of  hay  without  manure  is  22|  cwts. 
But  we  have,  with  almost  exactly  the  same  total  amount  of  rain 
during  the  same  period  in  1863  (6'57  inches),  only  20f  cwts.  of 
hay ;  whereas,  with  even  rather  less  (6'43  inches),  in  1869,  we 
have  the  heaviest  produce  obtained  in  any  one  of  the  series  of 
15  years,  namely,  38  cwts.  The  fact  is  that,  coincidently  with 
the  small  produce  of  1863,  less  than  one-third  of  the  total  rainfall 
of  the  three  months  occurred  during  the  first  two  months  of  the 
period  ;  whilst,  coincidently  with  the  very  heavy  produce  in 
1869,  there  was  considerably  more  than  the  average  fall  of  rain 
in  both  April  and  May,  and  less  than  half  the  average  fall  in 
June ;  the  result  being  that  more  than  five^sixths  of  the  total  fell 
during  the  first  two  of  the  three  months,  when  its  influence  upon 
the  growth  would  be  the  greatest  Again,  the  heaviest  total  fall 
within  the  growing  period  was  in  1860,  when  there  was  nearly 
double  the  average  amount,  whilst  the  produce  only  exceeded  the 
average  by  less  than  2  cwts.  of  hay ;  the  facts  being,  that  about 
half  the  total  amount  fell  in  June,  that  is,  not  until  the  last  month 
of  growth;  and  that  the  temperature  was  very  unusually  low 
almost  throughout  the  period  of  active  vegetation. 

The  lowest  amounts  of  produce  were — 17^  cwts.  in  1868,  11 J 
cwts.  in  1865,  and  only  5f  cwts.  in  1870.  This  last,  the  lowest 
amount  in  the  series,  is  coincident  with  the  smallest  amount  of  total 
rain  over  the  three  months  throughout  the  fifteen  years,  namely  2*79 
inches.  With  only  3*29  inches  in  the  three  months  of  1868,  there 
was  a  produce  of  17^  cwts.,  but  with  4*2  inches  in  1865,  there 
was  only  11^  cwts.  But  whilst,  in  the  latter  year,  there  was 
in  April  only  about  one-fourth  the  average  fall,  and  very  high 
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temperature,  there  was  during  tbe  same  month  in  1868 
than  the  average  fall,  and  about  the  average  temperature. 

Turning   to   the   columns  of  produce   obtained   by  the 
artificial  manures,  it  is  seen  that,  whilst  in  the  earlier  j 
the  mineral  manure  and  ammonia-salts  gave  more  hay  than  tlie 
mineral  manure  and  nitrate  of  soda,  in  the  later  years  the  mineretl 
manure  and  nitrate  yielded  considerably  more  than  the  minerml 
manure  and  ammonia-salts.     It  is  obvious,  therefore,  that  tbe 
fluctuations  in  the  produce  are  dependent  on  other  conditions  th&o 
the  variations  in  external   or  climatic  circumstances  alone.     It 
will  come  within  the  special  province  of  our  subject  to  explaio 
this  further  presently  ;  but,  in  passing,  we  may  here  remark  that 
the  character  of  the  mixed  herbage  in  regard  to  tbe  distributioD 
of  plants,  and  the  prevalence  of  individual  species,  was  very 
widely  different  in  the  two  cases ;  and  the  dependence  of  the 
amount  of  produce   on   external  supplies   of  moisture  will,  of 
course,  be  greatly  measured  by  the  degree  of  root  range,  and 
the  consequent  command  of  the  moisture  within  the  soil  itself, 
of  the  particular  species  favoured. 

These  few  observations  will  be  sufficient  to  indicate  some  of 
the  points  of  interest  which  the  study  of  the  subject  in  detail  is 
calculated  to  elucidate,  and  to  show  the  complexity  of  the  condi- 
tions upon  which  the  final  result — the  weight  of  hay— depends. 

We  will  now  turn  to  the  more  special  object  of  the  present 
communication. 

The  following  are  the  amounts  of  hay  obtained  per  acre  in 
1870,  on  each  of  the  three  plots  already  referred  to,  and  also 
the  average  amounts  over  15  years  without  manure,  and  with 
mineral  manure  and  ammonia-salts,  and  over  13  years  with 
mineral  manure  and  nitrate  of  soda. 
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Thus,  under  the  influence  of  the  extraordinary  drought  of 
1870,  there  was  a  variation  in  the  amount  of  produce  on  closely 
adjoining  plots,  firom  only  5|  cwts.  of  hay  without  manure,  to 
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29^  cwts.  with  mineral  manure  and  ammonia- salts,  and  to 
56^  cwts.  with  mineral  manure  and  nitrate  of  soda.  Indeed, 
without  manure  there  was  not  only  less  produce  than  in  any  pre- 
ceding year  of  the  fifteen,  but  only  about  one-fourth  the  average 
amount.  With  mineral  manure  and  ammonia-salts  there  was 
again  considerably  lower  produce  than  in  any  other  of  the  fifteen 
years  with  the  same  manure,  and  a  deficiency  of  nearly  23  cwts. 
compared  with  the  average.  Notwithstanding  this,  we  .have  the 
remarkable  result  of  2  tons  16  cwts.  of  hay  produced  by  mineral 
manure  and  nitrate  of  soda,  or  only  about  1^  cwt.  less  than  the 
average  amount  by  that  manure ;  about  2^  tons  more  than  with- 
out manure,  and  1^  ton  more  than  by  the  mixture  of  mineral 
manure  and  an  amount  of  ammonia-salts  containing  about  the 
same  quantity  of  nitrogen  as  the  nitrate. 

On  the  assumption  that  probably  about  300  parts  of  water 
pass  through  the  plants  for  one  part  of  dry  substance  fixed,  about 
700  tons  of  water  must  have  been  exhaled  by  the  herbage  during 
the  growth  of  the  56  cwts.  of  hay.  But,  reckoning  an  inch  of 
rain  to  represent  a  fall  of  101  tons  per  acre,  the  2*79  inches 
which  fell  in  1870  during  April,  May,  and  June,  the  period  of 
active  vegetation,  could  only  supply  282  tons  of  this,  provided 
(which  would  not  be  the  case)  none  of  it  was  lost  by  drainage, 
and  none  of  it  passed  off  by  evaporation  otherwise  than  through 
the  plants  themselves.  On  the  same  assumptions,  the  amount 
which  fell  would  be  about  160  tons  less  than  sufficient  for  the 
requirements  of  the  crop  grown  by  mineral  manure  and  ammonia- 
salts,  but  more  than  three  times  as  much  as  would  be  required 
by  the  growth  of  the  unmanured  produce. 

So  striking  was  the  difference  in  the  effect  of  the  drought  on 
two  plots  side  by  side,  the  one  manured  with  mineral  manure 
and  a  given  quantity  of  nitrogen  in  the  form  of  ammonia-salts, 
and  the  other  with  the  same  mineral  manure  and  the  same 
quantity  of  nitrogen,  but  the  latter  in  the  form  of  nitrate  of  soda 
instead  of  ammonia-salts,  that  it  was  decided,  on  the  removal  of 
the  crop,  to  determine  the  quantities  of  water  existing  in  the  soil 
of  the  three  plots  to  a  depth  somewhat  greater  than  the  lowest  to 
which  roots  could  be  traced ;  and  also  to  observe  the  difference 
in  the  development  and  distribution  of  the  roots,  if  any,  on  the 
different  plots.  Accordingly,  on  July  25  and  26,  1870,  samples 
of  soil  were  taken  from  the  three  plots  to  the  depth  of  54  inchet* 
in  each  case,  roots  having  been  traced  on  one  of  them  to  within 
a  few  inches  of  that  depth. 

The  plan  of  collecting  and  preparing  samples  of  soil  for 
analysis  will  be  understood  from  the  following  description  of  the 
process  in  the  present  instance  :  A  square  yard,  comprising  a  fair 
proportion  of  the  species  contributing  to  ^e  bulk  of  the  herbage. 
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having  been  carefully  selected  on  each  plot,  a  case  or  frame,  opeii 
at  the  top  and  bottom,  made  of  strong  sheet-iron,  6  inches  square 
by  9  inches  deep  (but  which  may  be  of  any  desired  size),  was 
driven  into  the  ground  in  the  centre  of  the  square,  level  with  the 
surface.  The  enclosed  soil  was  then  dug  out  exactly  to  the  depth 
of  the  case.  The  soil  around  the  case,  to  the  extent  of  the  square 
yard  selected,  was  then  removed  to  the  level  of  the  bottom  of  it ; 
it  was  again  driven  down,  and  its  contents  carefully  taken  out; 
and  so  on,  the  process  was  repeated,  until  the  desired  depth  was 
attained.  The  determination  of  the  water  in  the  samples  being 
the  special  object  of  the  experiments  in  question,  the  exact  weight 
of  the  soil  was  taken  immediately  on  removal,  so  that  any  loss  of 
moisture  by  evaporation  during  preservation,  or  preparation  for 
analysis,  might  be  duly  taken  account  of.  The  whole  was  then 
broken  up,  the  stones  sifted  out,  separating  first  those  which  did 
not  pass  a  1-inch  sieve,  next  a  ^-inch,  and  finally  a  ^inch  sieve 
being  used.  The  mould,  or  soil,  passing  the  ^inch  sieve  was 
weighed,  a  proportional  part  of  it  finely  powdered  for  analysis 
and  re-weighed.  In  the  soils  so  prepared,  the  loss  of  moisture, 
at  different  temperatures,  has  been,  and  the  nitrogen  and  some 
other  constituents  will  be  determined. 

The  following  Table  shows  the  percentage  of  moisture,  as  deter* 
mined  by  the  loss  when  dried  at  212^  Fahr.,  inclusive  of  that  by 
evaporation  during  preparation  for  analysis,  in  the  soil  from 
each  of  the  three  plots  of  the  experimental  meadow-land,  at  each 
depth  to  which  the  samples  were  taken : — 

Table  III. — ^Moisturb  in  the  Soil  from  Plots  of  Permanent  Meadow  Land 
diflferently  Manured.     Samples  collected  July  25-6,  1870. 


PEKCENTAOBa  OF  MoiSTURB  (Soili)  dried  at  212°  F«hr.). 

Deptii  of  Sample. 

Plot  8. 
Without  Manure. 

Plot  9. 
Mineral  Manure 

and 
AmmoDia-eaIt& 

Plot  14. 

Mineral  Manure 

and 
Nitrate  of  Suda. 

First     9  inches       

Second  9  inches       

Third    9  inches       

Fourth  9  inches       

Fifth    9  inches       

Sixth    9  inches       

10*83 
13-34 
19-23 
22-71 
24-28 
25-07 

13*00 
1018 
16-46 
18-96 
20-64 
21-34 

12*16 
11-80 
15-65 
16-313 
17*18 
18*06 

Mean 

19-24 

16-75 

15*19 

The  results  recorded  in  this  Table  are  of  great  interest  and 
significance ;  and  they  supply  important  data  towards  the  explana- 
tion of  the  extraordinary  difference  in  the  amount  of  produce 
obtained  on  the  different  plots.     It  should  be  premised,  however, 
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that  between  the  removal  of  the  crops  and  the  date  of  sampling 
the  soils,  in  all  nearly  an  inch  of  rain  had  fallen,  perhaps  affect- 
ing somewhat  the  actual  percentages,  but  the  relative  amounts 
probably  but  little. 

The  first  point  to  remark  is,  that  the  first  9  inches  of  soil  of 
both  the  heavily  manured,  and  more  or  less  heavily  cropped, 
plots  contained  a  higher  percentage  of  moisture  than  that  of 
the  unmanured  and  lightly  cropped  plot.  But  from  that  point 
downwards  to  a  depth  of  54  inches,  and  doubtless  further  still, 
the  manured  and  more  heavily  cropped  soils  contained  much  less 
moisture  than  the  unmanured;  and  the  most  heavily  cropped 
soil,  that  of  Plot  14,  manured  with  mineral  manure  and  nitrate  of 
soda,  contained  considerably  less  than  that  of  Plot  9,  manured  with 
mineral  manure  and  ammonia-salts.  And  whilst  at  a  depth  of 
from  45  to  54  inches  the  unmanured  soil  contained  25  per  cent. 
of  moisture,  that  receiving  mineral  manure  and  ammonia-salts 
contained  only  2r34  per  cent. ;  and  that  receiving  mineral 
manure  and  nitrate  of  soda  only  18  per  cent,  or  scarcely  f  ths  as 
much  as  the  unmanured  soil  at  the  same  depth.  To  sum  up 
the  results,  there  is  an  average  amount  of  moisture  down  to  the 
depth  of  54  inches,  of  19|-  per  cent,  on  the  plot  without  manure, 
of  only  16|  per  cent,  on  the  plot  manured  with  mineral  manure 
and  ammonia-salts,  and  of  scarcely  15^  per  cent  on  that  manured 
with  mineral  manure  and  nitrate  of  soda,  or  only  about  -J-ths  as 
much  on  the  latter  as  on  the  unmanured  plot: 

The  subsoil  of  this  meadow  land  is  a  reddish  yellow  clay, 
interspersed  with  grey  veins,  and  the  specific  gravity  increases 
by  about  one-half  from  the  surface  down  to  the  greatest  depth 
taken.  For  our  present  purpose  it  will  be  a  sufficiently  near 
approximation  to  the  truth  to  assume  that  down  to  the  depth 
of  54  inches,  the  soil  (exclusive  of  stones)  weighed  an  average  of 
1,000,000  lbs.  per  acre  for  every  3  inches  of  depth,  or  an  aggre- 
gate of  18,000,000  lbs.  per  acre  to  the  depth  of  54  inches. 
Adopting  this  estimate,  and  the  percentages  of  moisture  given 
in  Table  III.,  it  results  that  down  to  the  depth  of  54  inches,  or 
4  feet  6  inches,  the  unmanured  soil  retained  1546,  the  soil  of 
Plot  9,  1346,  and  that  of  Plot  14,  1221  tons  of  water.  That  is 
to  say,  to  the  depth  of  4  feet  6  inches,  the  soil  of  Plot  9,  manured 
with  mineral  manure  and  ammonia-salts,  contained  200  tons, 
and  that  of  Plot  14,  manured  with  mineral  manure  and  nitrate 
of  soda,  325  tons  less  water  per  acre  than  that  of  the  unma- 
nured soil  to  the  same  depth ;  whilst,  from  the  great  difference 
in  the  percentage  at  the  lowest  depths  taken  in  the  three  cases, 
there  can  be  no  doubt  that  the  difference  extended  considerably 
deeper  still. 

Here,  then,  we  have  evidence  of  the  source  whence  the  ma- 
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nured  crops  derived  the  water  required  for  their  growth,  over 
and  above  that  supplied  by  the  rain  actually  falling  during  the 
period  of  active  vegetation.  But  the  questions  obviously  arise — if 
the  unmanured  subsoil  retained  so  much  more  water,  why  did  the 
crop  suffer  from  the  drought  so  very  much  more  than  the  manured 
crops  ?  and  why  did  the  crop  manured  with  mineral  manure  and 
ammonia-salts  suffer  so  much  more  than  that  manured  with 
mineral  manure  and  nitrate  of  soda,  and  not  avail  itself  so  fully 
as  did  the  latter  of  the  stores  of  moisture  within  the  soil?  To 
gain  some  information  on  the  points  here  suggested,  careful 
examination  was  made  of  the  distribution  of  species  on  the 
square  yard  of  the  plot  selected,  of  the  section  of  the  soil  and 
subsoil,  and  of  the  distribution  of  roots  within  them. 

It  should  be  stated  that  53  species  in  all  are  found  on  the 
continuously  unmanured  plot ;  this  great  complexity  of  herbage 
being  maintained  in  consequence  of  the  little  encouragement  to 
luxuriance  of  any.  On  the  other  hand,  by  the  application  of 
mineral  manure  and  ammonia-salts  on  Plot  9,  and  of  mineral 
manure  and  nitrate  of  soda  on  Plot  14,  for  many  years  in  suc- 
cession, and  the  consequent  great  encouragement  and  predomi- 
nance of  certain  individual  species,  the  total  number  discernible 
has  become  reduced  to  30  on  each  of  these  plots.  And  whils 
the  herbage  on  the  unmanured  plot  comprises  17  graminaceous, 
4  leguminous,  and  32  miscellaneous  or  weedy  species,  that  of 
Plot  9  includes  only  15  graminaceous,  2  leguminous,  and  13 
miscellaneous  species,  and  that  of  Plot  14  only  14  gramina- 
ceous, 3  leguminous,  and  13  miscellaneous  species. 

But  such,  again,  is  the  difference  in  the  character  of  the  two 
nitrogenous  manures — ammonia-salts  and  nitrate  of  soda — ^in 
regard  to  their  reactions  upon  the  soil,  and  the  consequent  degree 
of  rapidity  and  range  of  distribution  of  them  or  their  products  of 
decomposition  withip  it,  that  they  respectively  encourage  the 
development  of  species  of  widely  different  underground,  as  well 
as  above-ground  habit  of  growth.  Thus,  the  dominant  plants 
were  very  different  on  the  two  manured  plots.  Under  the  influence 
of  the  annual  application  of  mineral  manure  and  ammonia-salts, 
J)actt/lt8  ghmerata  (rough  cock's-foot),  AgrodU  vulgaris  (common 
bent-grass),  Festuca  ovina  (sheep's-fescue),  and  Poa  pratenns 
(common  meadow-grass),  among  graminaceous  plants,  and 
Rumex  acetosa  (sorrel-dock),  among  the  miscellaneous  herbage, 
prevailed  somewhat  in  the  order  of  enumeration ;  whilst  under 
the  influence  of  mineral  manure  and  nitrate  of  soda  Bromus 
moUis  (soft  brom&-grass)y  had  become  so  prominent  as  to  constitute 
probably  about  one-halif  the  crop  ;  Poa  trivialis  (rough  meadow- 
grass)was  also  very  prominent,  Holcus  lanatus  (woolly  soft-grass). 
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JFettuca  ovina  (sheep's-fescue),  Loliumperenne  (rye^grass),  Dactylis 
glomerata  (rough  cockVfoot),  Avenajiavescens  (yellow  oat-grass), 
and  among  weeds  Anthriscus  sylvestris  (wild  beaked-parsley), 
coming  next  in  order  of  prevalence.  And,  whilst  the  plants  most 
encouraged  by  the  ammonia-salts  have  a  tufty  habit  of  growth 
above  ground,  and  a  tendency  to  luxuriate  within  a  limited  range 
beneath  the  surface,  some  of  those  most  favoured  by  the  nitrate 
of  soda,  and  especially  under  its  influence,  are  very  different  in 
character,  not  growing  in  tufts,  but  producing  comparatively  uni- 
formly dense  herbage,  with  many  stems,  comparatively  few  root- 
leaves,  and  roots  having  a  characteristically  downward  tendency, 
those  of  the  Bromus  mollis  especially  (which  contributed  such  a 
large  proportion  of  the  whole  crop)  being  strong  and  wiry,  and 
descending  far  into  the  subsoil. 

The  sectional  examinations,  indeed,  showed  great  differences  in 
the  character  of  the  turf,  in  the  prevalence  and  character  of  de- 
velopment of  the  roots  within  and  below  it,  and  in  the  character 
of  the  soil  and  subsoil,  as  the  following  brief  abstract  of  the 
observations  made  will  show.  It  should  be  first  stated,  however, 
that  whilst  on  the  square  yard  selected  as  characteristic  of  the 
unmanured  plot,  there  were  found  9  graminaceous,  4  legu- 
minous, and  11  miscellaneous — in  all  24  species  ;  on  that  of  Plot 
9,  having  mineral  manure  and  ammonia-salts,  there  were  only 
6  graminaceous,  no  leguminous,  and  only  8  miscellaneous  spe- 
cies ;  and  on  that  of  Plot  14,  receiving  mineral  manure  and  nitrate 
of  soda,  again  only  6  graminaceous,  only  1  leguminous,  and  2 
miscellaneous  species. 

Owing  to  the  great  complexity  of  the  herbage  on  the  un- 
manured plot,  including  a  comparatively  large  number  of  legu- 
minous, and  miscellaneous  or  weedy  species,  some  fleshy  roots 
were  observed  at  a  considerable  depth.  The  turf  consisted  of  a 
complex  network  of  fine  roots  and  fibrils,  which  were  much 
less  in  size  and  strength  than  in  the  case  of  either  of  the  manured 
plots.  These  fine  roots  seemed  to  have  more  or  less  complete 
possession  of  the  soil  to  a  depth  of  about  6  inches,  and  some  of 
them  then  showed  a  downward  tendency ;  becoming,  however, 
much  fewer,  and  even  in  the  second  and  ihird  9  inches  extremely 
fine  ;  and  at  a  depth  of  about  40  inches  they  were  as  fine  as  a 
fibre  of  silk  or  a  spider's  web.  It  was  concluded,  though  not 
with  great  certainty,  that  the  roots  found  at  the  greatest  depth 
were  those  of  Agrostis  vulgaris  and  Bromus  mollis.  The  sample 
of  the  first  9  inches  of  the  unmanured  soil  possessed  the  character 
of  mould  not  much  less  than  that  of  the  manured  plots ;  the  second 
9  inches,  too,  was  very  much  altered  from  the  character  of  the  clay 
subsoil ;  but  below  this  point  very  slight  difference  was  observ- 
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able ;  though,  of  the  foar  lower  samples,  the  uppermost,  that  is, 
the  third  from  the  surface,  perhaps  showed  slightly  the  least,  and 
the  lowest,  or  sixth,  the  brightest  red  tinge. 

The  turf  of  Plot  9,  manured  with  mineral  manure  and  am* 
monia-salts,  consisted  of  a  dense,  almost  peat-like  mass,  of  de- 
composing roots,  radicle  leaves,  and  stubble,  thickly  penetrated 
with  strong  roots  and  fibrils,  the  whole  being  as  much  matted  as 
on  the  unmanured  soil,  showing,  however,  less  complexity,  but 
greater  strength  of  roots.     The  horizontal  subterraneous  steins 
of  the  Affrostis  vulgaris  greatly  predominated,  emitting  many 
fibrils,  and  sending  out  many  descending  fibrous  roots.     Poa 
pratensis  also  developed  a  large  amount  of  strong  root,  and  a 
profusion  of  fibrils.     Roots  penetrated  to  about  the  same  depth 
as  on  Plot  3,  but  in  larger  quantity,  and  of  larger  size ;  being, 
however,  in  the  fifth  9  inches,  both  very  few  in  number  and  very 
fine.     As  already  said,  the  samples  of  the  first  9  inches  of  the 
soil   of  the  three  plots  differed  comparatively  little  from    one 
another  in  the  degree  of  their  change  by  the  action  of  vegeta- 
tion ;  but,  if  anything,  that  of  this  Plot  9  was  the  darkest,  indi- 
cating so  far  more  of  mould-like  character.    The  second  9  inches 
of  this  plot  was  decidedly  more  changed   than  that  of  the  un- 
manured, or  of  even  Plot  14.     The  third  and  fourth  9  inches 
were,  compared  with  the  unmanured,   slightly  darker,   or  less 
bright  in  colour,  showing  still  some  change.     The  fifth  and  sixth 
were  little,  if  at  all,  distinguishable  in  colour  from  the  raw,  red- 
dish-yellow clay  of  the  unmanured  plot  at  corresponding  depths. 

The  turf  of  Plot  14,  manured  with  mineral  manure  and 
nitrate  of  soda,  had  not  the  peaty  appearance  of  that  of  Plot  9 ; 
the  prevailing  plant,  Bromus  mollis^  which  made  up  about  half 
the  crop,  possessing  comparatively  few  radicle  leaves;  whilst, 
especially  under  the  influence  of  this  manure,  Poa  trivialis, 
Holcus  lanatus^  and  Lolium  perenne^  have  a  tendency  to  assume 
the  same  character  of  development  above  ground.  The  Bromus 
mollis,  too,  was  found  in  a  most  striking  degree  to  send  down 
strong  wiry  roots  into  the  subsoil,  leaving  only  its  fibrils,  and 
the  roots  of  less  prominent  or  smaller  species,  to  feed  near  the 
surface.  The  second  3  inches  of  soil  also  held  together,  being  full 
of  fibre.  At  the  extremity  of  the  fibrils  of  the  Bromus  mollis  small 
tubercles,  much  like  those  which  occur  on  the  roots  of  some  legu- 
minous plants,  were  observed  down  to  a  depth  of  perhaps  12  or 
14  inches.  The  roots  of  this  grass  extended,  however,  to  a  depth 
of  nearly  4  feet,  still  maintaining  their  wiry  character.  The  dif- 
ference in  the  character  of  the  samples  of  soil,  and  especially  of 
the  subsoil,  of  this  compared  with  those  of  either  of  the  other  plots, 
was  very  striking.  The  first  9  inches  differed  little  from  that  of 
the  unmanured  plot     The  second  was,  however,  more  altered 


Experimental  Crops  at  Rothamsted.  15 

than  that  of  the  unmanured  plot  at  the  corresponding  depth. 
The  third,  fourth,  fifth,  and  sixth  9  inches  were  very  strikingly 
difierent  in  appearance  from  the  corresponding  layers  of  either 
of  the  other  two  plots ;  the  clay,  instead  of  being  of  a  compara- 
tively uniform  reddish  yellow  colour,  was  very  much  mottled  or 
veined,  showing  a  mixture  of  yellow,  grey,  red,  and  brown,  with 
the  yellow  and  grey  predominating.  So  much  was  this  the  case 
that  when  the  samples  were  powdered  they  were  of  a  yellowish 
grey  colour,  instead  of  reddish  yellow ;  and  the  lighter  or  less 
yellow  the  greater  the  depth  of  the  sample,  that  of  the  sixth 
9  inches  being  the  lightest  of  all. 

There  was,  perhaps,  more  of  natural  grey  vein  in  the  subsoil 
of  this  than  in  that  of  the  other  plots,  but  the  difference  in 
colour  and  texture  was  too  great  to  be  so  accounted  for.  Upon 
the  whole  the  lower  layers  were  softer  and  more  soapy  than  in 
the  case  of  either  Plot  3  or  Plot  9 ;  though,  as  Table  III.  at 
page  10  shows,  they  contained  a,  considerably  less  percentage 
of  moisture.  Indeed,  the  subsoil  of  this  plot  had  much  more 
the  appearance  of  disintegration  from  some  cause  than  that  of 
either  of  the  others ;  it  was  consequently  much  more  easily 
worked,  and  especially  more  so  than  that  of  the  unmanured  plot, 
which  was  very  tough  and  hard. 

To  sum  up  these  distinctions :  it  is  seen  that  not  only  did 
diflerent  plants  become  dominant  according  to  the  different 
condition  of  the  plot  as  to  manure,  but  those  which  prevailed 
on  the  unmanured  land,  though  numerous,  had  much  finer  and 
much  less  vigorous  roots ;  the  raw  clay  of  the  subsoil  was  much 
less  changed  ;  and  it  had  yielded  up  very  much  less  moisture  to 
the  growing  crop.  On  the  plot  manured  with  mineral  manure 
and  ammonia-salts  free-growing  grasses  predominated ;  but 
chiefly  those  whose  underground  habit  of  growth  was  such  as 
rendered  them  dependent  for  their  food  and  moisture  in  great 
measure  on  that  which  is  to  be  found  in  the  upper  layers  of  the 
soil.  Still,  owing  to  the  increased  vigour  of  growth  under  the 
influence  of  the  manure,  it  is  seen  that  moisture  was  obtained, 
either  directly  by  the  roots  of  the  plants,  or  by  capillary  action 
induced  by  the  pumping  out  of  the  upper  layers,  from  the 
extreme  depths  to  which  the  samples  were  taken ;  and,  from 
the  great  difference  in  the  percentage  of  moisture  at  that  depth 
compared  with  that  of  the  unmanured  plot,  there  is  no  doubt 
that  the  action  extended  deeper  still.  On  Plot  14,  on  the  other 
hand,  where  nitrate  of  soda  was  applied,  the  plant  which  con- 
tributed about  half  the  produce  had  roots  of  a  very  characteristi- 
cally downward  tendency.  We  find  the  soil,  to  the  depths 
examined,  pumped  drier  still ;  and,  coincidently,  the  drought 
has  comparatively  little  affected  the  amount  of  the  crop. 
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Intimately  connected  with  the  greater  change  in  the  subsoil 
of  the  plot  manured  with  nitrate  of  soda  than  in  that  manured 
with  ammonia-salts,  with  the  greater  predominance  and  luxuri- 
ance of  the  deeper-feeding  herbage,  and  with  the  consequent 
little  evil  effects  from  the  drought  where  the  nitrate  was  emplojed, 
is  doubtless  the  fact  that  the  ammonia  of  the  ammonia^Wts  is 
much  more  readily  absorbed  and  retained  by  the  soil  than  is  the 
nitric  acid  of  the  nitrate.     The  latter,  consequently,  becomes, 
under  the  influence  of  rain,  more  rapidly  distributed  and  washed 
into  the  subsoil,  whither  the  roots  follow  it.     As  this  filtration, 
into  and  through  the  subsoil,  of  a  solution  of  the  nitrate,  or  of  its 
products  of  decomposition  within  the  soil,  has  been  proceeding 
for  thirteen  years  in  succession,  there  is  little  cause  for  surprise 
that  the  subsoil  should  have  become  much  more  changed  than 
where  the  ammonia-salts  had  been  used.     It  seems  intelligible, 
too,  that  those  plants  of  the  herbage,  whose  habit  of  growth  is 
characterised  by  a  comparatively  large  development  of  descend- 
ing roots,  aided  as  they  would  be  when  once  they  had  asserted 
their  predominance  by  more  and  more  self-sowing  each  succeeding 
year,  should  get  such  complete  possession  of  the  lower  layers  of  the 
soil,  with  their  stores  of  food  and  moisture.     On  this  point  it  may 
be  remarked,  that  the  Bromus  mollis^  which  so  strikingly  predomi- 
nated on  the  nitrated  plot,  and  whose  roots,  though  only  a  biennial, 
had  obtained  more  complete  possession  of  the  subsoil  than  those 
of  any  other  plant,  is  one  of  the  earliest  of  the  grasses,  and  has,  in 
point  of  fact,  generally  seeded  to  a  greater  or  less  extent  before 
the  crop  has  been  cut 

It  may  be  here  mentioned  in  passing,  that,  wherever,  in  the 
course  of  the  experiments  at  Rothamsted,  nitrate  of  soda  is 
employed  year  after  year  on  the  same  plot  of  arable  land,  the 
difference  in  the  appearance  and  texture  of  the  soil  is  very  great, 
and  is  discernible  at  a  considerable  distance.  The  soil  appa- 
rently retains  very  much  more  moisture,  becomes  more  aggluti- 
nated, and  so  sticky  compared  with  that  of  adjoining  plots  under 
equal  conditions  of  weather,  as  to  be  with  difficulty  worked  at 
the  same  time,  and  never  brought  to  the  same  tilth  without  the 
expenditure  of  extra  labour  upon  it  It  may  be  judged,  indeed, 
that  during  the  wet  season  the  nitrated  soil,  and  its  more  dis- 
integrated subsoil,  would  acquire  more  moisture,  or  at  least  more 
available  moisture,  than  the  soil  and  raw  clayey  subsoil  of  the 
other  plots. 

We  have,  then,  in  the  properties  of  the  nitrate  of  soda  and  its 
effects  upon  the  soil  and  subsoil,  in  the  influence  of  these  in 
determining  the  character  of  the  prevailing  herbage,  and  in  the 
comparative  independence  of  external  sources  of  moisture  which 
a  deep  root  range  gives  to  the  plants  encouraged,  an  explanation 
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of  tibe  fact  that,  notwithstanding  the  unusual  drought  of  1870, 
which  almost  suspended  the  growth  of  the  unmanured  herbage, 
ajid  much  diminished  that  manured  with  mineral  manure  and 
ammonia-salts,  the  plants  which  had  gradually  asserted  posses- 
sion over  others  on  the  plot  continuously  manured  with  mineral 
manure  and  nitrate  of  soda,  should  have  yielded,  under  the  same 
circumstances  of  scarcity  of  rain,  an  all  but  average  crop. 

Before  leaving  the  subject  of  the  influence  of  the  drought  of 
1870  on  the  hay-crop,  it  may  be  added  that  a  portion  of  the 
park  adjoining  the  experimental  plots  was  liberally  manured 
with  London  stable-dung,  but  no  benefit  whatever  was  apparent, 
and  the  crop  was  so  light  as  to  be  scarcely  worth  mowing. 

The  evidence  at  command  in  regard  to  the  effects  of  the 
drought  on  other  of  the  experimental  crops,  is  not  of  the  same, 
or  in  some  respects  of  so  direct  a  kind,  as  that  relating  to  the 
mixed  herbage,  and  to  the  soils,  of  the  experimental  plots  of 
grass  land.  Nevertheless,  some  facts  of  interest  may  be  recorded 
illustrating  the  influence  of  the  moisture  stored  up  within  the 
soil  on  the  growth  of  both  wheat  and  barley. 

Besults  belating  to  the  Growth  of  Wheat. 

The  following  Table  (IV.)  shows  the  amounts  of  grain,  and  the 
amounts  of  total  produce  (corn  and  straw  together),  obtained  in 
the  experimental  wheat-field  for  19  years  in  succession,  1852- 
1870  inclusive : — 

1.  On  Plot  3,  continuously  unmanured. 

2.  On  Plot  2,  receiving  14  tons  farmyard  manure  per  acre  per 
annum. 

3.  On  Plot  7,  receiving,  annually,  mixed  mineral  manure,  and 
400  lbs.  ammoniarsalts  per  acre. 

4.  On  Plot  9a,  receiving,  annually,  the  same  mixed  mineral 
manure  as  plot  7,  and  550  lbs.  nitrate  of  soda  per  acre. 

The  Table  also  shows,  side  by  side  with  the  amounts  of 
produce,  the  fall  of  rain  each  year  during  the  months  of  April, 
May,  June,  and  July,  which  may  be  said  to  include  the  period 
of  active  vegetation  and  accumulation  of  substance.  It  should 
be  further  explained,  that,  in  order  that  the  different  amounts  of 
gprain  from  year  to  year  may  be  more  strictly  comparable  one 
with  another,  and  to  avoid  the  necessity  of  recording  and  con- 
sidering the  weight  per  bushel  in  each  case,  the  total  weight  of 
dressed  com  has  been  divided  by  61,  and  the  Table  shows,  there- 
fore, not  the  actual  number  of  measured  bushels  in  each  case, 
but  the  number  of  bushels  of  an  assumed  uniform  weight  of 
61  lbs. 
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The  evidence  afforded  by  the  results  in  the  foregoing  Table  is 
confessedly  quite  inadequate  to  show  what  are  the  climatic  con- 
ditions favourable  or  otherwise  to  the  growth  of  wheat.  It  is, 
however,  quite  sufficient  for  our  present  purpose,  which  is  to 
illustrate  the  comparative  independence  of  the  crop  on  the  mere 
amount  of  rain  falling  during  the  period  of  active  vegetation. 
It  will  suffice  to  call  attention  to  a  few  of  the  more  extreme 
examples. 

The  four  years  of  largest  total  fall  of  rain  over  the  four- 
months  in  question  were,  1853,  1855,  1860,  and  1867,  and  three 
of  them  were  also  the  seasons  of  smallest  average  crop,  both  of 
corn  and  total  produce,  whilst  the  fourth  (1855)  was  a  season 
of  generally  less  than  the  average  produce.  On  the  other  hand, 
the  three  years  of  highest  produce,  both  com  and  total  produce, 
were  1854,  1863,  and  1864,  and  all  three  were  seasons  of  less 
than  the  average  fall  of  rain  during  the  four  months  of  active 
growth.  Lastly,  the  two  seasons  of  lowest  fall  of  rain  during 
April,  May,  June,  and  July  were  1868  and  1870;  and  both 
gave,  with  each  of  the  four  conditions  as  to  manure,  more  than 
the  average  produce  of  com  over  the  nineteen  years ;  and  in 
1868,  though  not  in  1870,  there  was  even  more  than  the  average 
of  total  produce  also,  under  each  of  the  three  manured  con- 
ditions. But  although  there  was,  in  both  these  years  of  great 
deficiency  of  rain  during  the  growing  period,  more  than  the 
average  produce  of  corn  without  manure,  there  was,  in  both, 
less  than  the  average  amount  of  both  straw  and  total  produce. 

As  in  the  case  of  the  hay  crop,  so  again  with  the  wheat,  it  is 
seen  that,  whilst  during  the  earlier  years  the  mineral  manure 
and  ammonia- salts  gave  more  produce,  both  corn  and  total 
produce,  than  the  mineral  manure  and  nitrate  of  soda,  during 
the  later  years  the  nitrate  has  given  more,  and  sometimes  con- 
siderably more,  of  straw  especially,  than  the  mineral  manure 
and  ammonia-salts.  The  questions  arise,  how  far  may  this  be 
due :  to  the  more  rapid  and  more  extended  distribution  of  the 
nitrate  of  soda,  or  its  products  of  decomposition,  within  the  soil 
and  subsoil  ?  to  the  mutual  reactions  of  the  manure  and  the 
soil  ?  to  the  greater  power  of  retention  of  moisture  acquired  by 
the  latter,  as  the  result  of  such  reaction  ?  and  to  more  active  root 
development  in  the  spring  under  these  conditions  ? 

Unfortunately,  no  comparative  determinations  of  moisture  in  the 
soils  of  these  two  plots,  or  of  root  development,  have  been  made, 
so  as  to  obtain  direct  evidence  in  regard  to  the  questions  here 
suggested.  Due  weight  should,  however,  be  given  to  the  fact  that, 
whilst  the  ammonia-salts  are  sown  in  the  autumn,  before  the  seed, 
the  nitrate  is  applied  as  a  top-dressing  in  March.  It  is  known  that 
nitrate  of  soda,  or  its  nitric  acid  in  combination  with  some  other 
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base,  distributes  more  rapidly,  and,  under  equal  circumstances 
as  to  rain,  is  more  liable  to  be  washed  into  the  subsoil  or  the 
drains,  than  is  the  ammonia  of  the  ammonia-salts.  Hence  it  is 
not  applied  until  the  commencement  of  active  g^wth,  when  the 
plant  is  able  rapidly  to  avail  itself  of  it  It  is  also  known  that  a 
portion  of  the  ammonia  of  the  ammonia-salts  itself  becomes  con- 
verted into  nitric  acid,  and  then  is  subject,  in  like  manner,  to  loss 
by  drainage;  but  to  what  degree  a  saturated  condition  of  the 
soil  during  winter  may  cause  serious  loss,  in  this  way,  of 
the  ammonia  applied  as  ammonia-salts  in  the  autumn,  is  a  ques- 
tion not  yet  sufficiently  investigated,  and  to  which  we  shall 
make  some  further  reference  before  concluding. 

Although,  as  has  been  said,  there  is  no  evidence  at  command 
in  regard  to  wheat,  in  reference  to  the  questions  above  raised,  so 
direct  as  that  referring  to  the  meadow  land,  yet  the  results  now 
to  be  adduced  nevertheless  supply  interesting  and  important  data 
in  respect  to  the  variation  in  the  amount  of  moisture  within  the 
soil  at  different  depths,  as  aflfected  by  season,  by  manure,  and 
by  the  growth  of  the  crop. 

Such  were  the  drought  and  heat  of  May,  June,  and  July, 
1868,  that  it  is  hardly  possible  to  suppose  conditions  more  calcu- 
lated to  induce  extreme  dryness  of  soil  than  those  preceding  the 
harvest  of  that  year.  Accordingly,  towards  the  end  of  July,  just 
before  the  crop  was  ripe,  samples  of  soil  were  taken  from  three 
plots  of  the  experimental  wheat-field,  with  the  special  view  of 
determining  the  amount  of  moisture  retained  at  diiSerent  depths. 
The  plots  selected  were : — 

Plot  3.  Without  manure,  since  1839. 

Plot  2.  With  14  tons  farmyard  manure  per  acre  per  annum. 

Plot  8a.  With  mixed  mineral  manure,  and  600  lbs.  ammonia- 
salts  per  acre  per  annum. 

The  mode  of  collecting  the  samples  was  that  already  described, 
excepting  that  the  iron  frames  employed  were  only  3  inches 
deep,  instead  of  9 ;  the  object  being  to  determine  the  amounts 
of  moisture  at  each  3  inches  of  depth,  down  to  a  total  depth  of 
36  inches,  or  rather  below  the  pipe-drains. 

The  subsoil  of  the  farm  consists  of  a  tolerably  tenacious 
reddish-yellow  clay,  resting  upon  chalk,  and  the  com  crops 
seldom  suffer  from  a  scarcity  of  rain.  At  the  time  the  samples 
were  taken,  the  wheat  had  suffered  but  little  from  the  drought,  as 
the  results  already  quoted  show.  But  barley  and  oats  were 
exceedingly  light  crops,  and  a  bean  crop  in  an  adjoining  field 
was  quite  dried  up  and  dead  for  want  of  moisture. 

For  comparison  with  these  samples  taken  at  a  time  of 
extreme  dryness,  others  were  collected  from  the  same  plots  in 
January,  1869,  after  much  rain  during  the  preceding  ten  days; 
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the  drains  were  running,  and  it  was  supposed  that  the  ground 
was  quite  saturated.  It  was,  indeed,  so  wet  that  it  was  neces- 
sary to  lay  down  boards  for  the  men  to  stand  upon  whilst 
working. 

Table  V.,  overleaf,  shows  the  percentages  of  moisture  in  the 
different  samples  of  soil ;  bringing  together — first,  the  results 
for  the  three  plots  during  the  drought;  second,  those  for  the 
three  plots  when  the  land  was  saturated ;  and  lastly,  the  same 
results  arranged  for  the  convenient  comparison  of  the  percentages 
in  the  dry  state  and  the  wet  state,  and  showing  the  difference 
between  the  two,  for  each  plot  separately. 

It  will  be  obvious  that  the  amount  of  water  at  the  different 
depths  in  July,  1868,  after  about  three  months  of  great  deficiency 
of  rain,  and  the  growth  of  a  crop  then  approaching  ripeness, 
must,  in  the  main,  be  dependent  on  the  supplies  accumulated 
during  the  previous  winter  and  early  spring.  But  it  is  affected, 
to  a  greater  or  less  depth  from  the  surface  :  by  any  difference  of 
texture  and  power  of  absorption,  the  result  of  previous  culti- 
vation, manuring,  and  cropping ;  by  the  influence  of  the  pipe- 
drains,  which  are  at  a  depth  of  about  30  inches ;  also,  by  the  shade 
of  the  crop  on  the  one  hand,  lessening  evaporation  from  the  soil 
itself,  and  on  the  other,  by  the  requirements  of  the  growing  crop 
increasing,  according  to  its  amount,  the  exhalation  through  the 
plants  themselves,  and  the  consequent  pumping  out  of  the  stores 
within  the  soil. 

The  soil  of  Plot  3,  which  had  received  no  manure  and  pro- 
duced little  root  (tending  to  disintegrate  the  soil  and  increase  its 
absorptive  surface),  which  had  comparatively  little  shade  from  the 
growing  plants,  preventing  surface  evaporation,  and  whose  crop 
would  exhale  comparatively  little,  is  seen  to  retain  a  somewhat 
less  percentage  of  water  than  either  of  the  others  within  3  inches 
of  the  surface,  but  more  than  either  within  the  next  9  inches. 
In  it,  as  in  the  others,  the  percentage  of  moisture  increased  gra- 
dually from  that  point  downwards,  until  obviously  affected  by  the 
action  of  the  pipe  drains. 

The  soil  of  Plot  2,  which  had  then  been  manured  with 
14  tons  of  dung  per  acre  per  annum  for  twenty-five  years  in  suc- 
cession, notwithstanding  the  greater  requirements  of  the  crop, 
retained  rather  more  moisture  than  the  unmanured  soil  within 
3  inches  of  the  surface ;  a  result  partly  due,  perhaps,  but 
not  wholly,  to  more  shade.  But,  from  that  point  downwards, 
doubtless  influenced  by  the  requirements  of  the  crop,  the  dunged 
soil  retained  less  at  every  stage  (excepting  the  lowest)  than  the 
unmanured. 

The  soil  of  Plot  8,  manured  annually  with  mineral  manure 
and  ammonia-salts,  and  yielding  pretty  uniformly  a  heavier  crop 
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than  the  dung,  shows  less  moistare  within  the  first  9  inches,  and 
but  little  more  within  the  next,  or  fourth  3  inches,  than  that  of 
the  dunged  plot;  also  a  total  to  that  depth  considerably  less 
than  the  un manured  soil.  From  that  point,  however,  there  is  a 
gradually  increasing  amount  down  to  the  range  of  the  drains ; 
notably  more  than  in  the  dunged  soil,  and  even  more  than  in  the 
unmanured,  whose  crop  could  only  have  withdrawn  from  it  about 
one-third  as  much. 

Supposing  the  three  plots  to  have  possessed  exactly  the  same 
character  of  soil  and  subsoil,  and  to  have  contained  the  same 
amount  of  moisture  to  a  given  depth  at  the  time  of  the  com- 
mencement of  active  growth,  we  could  well  understand  that, 
when  the  growth  was  nearly  completed,  the  subsoil  of  the 
dunged  plot,  growing  more  than  three  times  the  crop,  should 
contain  less  moisture  than  the  unmanured  subsoil.  But,  on  the 
same  suppositions,  it  would  be  difficult  to  account  for  the  subsoil 
of  Plot  8a,  which  grew  even  a  larger  crop  than  the  dung, 
retaining  not  only  more  than  the  subsoil  of  the  dunged  plot,  but 
more  also  than  that  of  the  unmanured  plot  The  differences 
between  plot  and  plot  as  to  percentage  of  moisture  are,  it  is  true, 
in  some  cases  not  great.  But  there  is  too  much  regularity  and 
consistency  in  the  results  to  admit  of  the  supposition  that  the 
differences  are  due  to  errors  arising  from  the  unavoidable  diffi- 
culties incident  to  the  collection,  weighing,  and  preparing  the 
samples  for  drying,  without  some  error  of  experiment  affecting 
the  estimation  of  the  amount  of  water.  The  results  relating  to 
the  soils  and  subsoils  when  supposed  to  be  in  a  state  of  satura- 
tion will  show,  indeed,  that  the  active  growth  of  the  crops  pro- 
bably did  not  commence  with  equal  soil-supplies  of  moisture  in 
the  Uiree  cases. 

The  unmanured  soil,  when  saturated,  contained,  to  the  depth 
examined,  not  much  less  than  one-fourth  its  weight  of  water, 
and  nearly  twice  as  much  as  in  the  dry  condition.  The  range 
of  variation  in  the  percentage  was  much  less  than  in  the  dry 
soil ;  but,  on  the  other  hand,  the  order  and  degree  of  increase 
or  decrease  is  much  less  regular  in  the  wet  soils.  The  top  3 
inches  contained  rather  less  water  than  the  second  and  third  ; 
otherwise,  there  would  seem  to  be,  at  the  time  of  saturation, 
more  water  near  the  surface,  then  a  decreasing  amount,  and  then 
a  gradually  increasing  quantity,  until  the  range  of  the  drains  is 
reached. 

The  dunged  soil,  with  its  vast  accumulation  of  organic 
matter,  and  doubtless  greater  degree  of  disintegration,  porosity, 
and  power  of  absorption  within  some  distance  from  the  surface, 
is  seen  to  hold  about  one  and  a  half  times  as  much  water  within 
the  first  6  inches  as  the  unmanured  soil,  or  even  as  that  manured 
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with  mixed  mineral  manure  and  ammonia-salts.  The  third 
3  inches,  also,  contains  more  than  either ;  and  the  fourth  more 
than  the  unmanured,  and  about  as  much  as  the  artificial Ij 
manured  soil.  The  quantity  continues  to  diminish  to  the  fifth 
3  inches,  and  then  increases  to  about  the  level  of  the  drains. 
To  the  total  depth  examined,  the  dunged  soil  contained  more 
than  a  quarter  of  its  weight  of  water,  about  3j^  per  cent,  more 
than  the  unmanured,  and  about  1  per  cent,  more  than  the  arti- 
ficially manured  soil. 

The  soil  receiving  mineral  manure  and  ammonia-salts  also 
retained  more  water  within  what  may  be  called  the  staple  than 
immediately  below  it  It  then  again  increased  in  percentage  of 
moisture,  more  or  less  regularly,  until  within  the  direct  influence 
of  the  drains.  It  is  to  be  observed,  too,  that,  whether  owing  to 
a>  greater  retentive  power  of  the  natural  clay  at  that  point,  or 
more  probably  to  the  accumulation,  and  the  action,  of  the  consti- 
tuents of  the  manures,  or  of  their  products  of  decomposition, 
rendering  the  clay  more  hygroscopic,  the  lower  layers  of  the 
soil  of  this  plot  retained  considerably  more  water  when  saturated 
than  did  the  corresponding  layers  of  either  of  the  other  plots. 
The  amount  of  water  to  the  total  depth  was  about  2j^  per  cent 
more  than  in  the  unmanured  soil,  but  not  so  much  as  in  the 
dunged  soil. 

As  might  be  expected,  there  are  greater  irregularities  of 
increase  or  decrease  indicated  in  the  percentages  of  water  at 
the  different  depths,  among  the  results  relating  to  the  saturated, 
than  among  those  relating  to  the  dry  soils.  This  may  be  due  in 
part  to  accidental  differences  of  permeability  of  the  soil,  and 
consequently  to  variation  in  the  freedom  of  access  of  the  perco- 
lating water,  at  the  different  points ;  but  it  is,  doubtless,  partly 
due  to  unavoidable  error  in  the  collection,  weighing,  and  after- 
manipulation,  of  soil  in  so  wet  a  condition. 

Disregarding  the  irregularities,  however,  and  interpreting  the 
obvious  direction  of  increase  or  decrease  of  moisture  at  the  dif- 
ferent depths,  it  is  pretty  clear  that,  down  to  a  certain  depth  from 
the  surface — which  varied  in  the  different  plots  according  to 
the  varying  power  of  retention  of  the  staple  and  immediately 
subjacent  layers — the  increased  percentage  of  moisture  was  dae 
to  the  comparatively  recent  rains.  There  was  then  reached  the 
layers  partially  drained  since  the  preceding  rains,  fit)m  which 
point  downwards  the  percentage  increased,  until  again  reduced 
by  the  action  of  the  pipe-drains. 

Further,  it  is  obvious  that,  by  evaporation  from  the  surface, 
and  the  consequent  withdrawal  by  capillary  action  of  water  from 
below  upwards  on  the  one  hand,  and  by  the  gradual  descent 
aided  by  the  natural  drainage  of  the  chalk  and  the  artificial 
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drainage  of  the  pipes,  on  the  other,  what  may  be  called  the 
normal  supply  of  water  within  the  soil  would,  doubtless,  at  the 
commencement  of  active  growth,  be  considerably  less  than  that 
indicated  by  the  percentages  in  the  saturated  soils.  There  is 
also  good  reason  to  suppose  that,  owing  to  the  action  of  the 
manures,  or  their  products  of  decomposition,  within  the  soil  and 
subsoil,  the  manured  plots  would  retain  more  than  the  un- 
manured ;  and  further,  that  whilst  the  effects  of  the  dung  would 
be  chiefly  to  increase  the  retention  by  the  upper  layers,  those 
of  the  artiBcial  manures  would  be  more  characteristically  to 
increase  the  amount  retained  by  the  lower  layers. 

This  brings  us  to  a  comparison  of  the  amount  of  water  in 
each  plot  in  the  two  conditions  of  unusual  dryness  and  of  satura- 
tion or  abnormal  wetness,  as  shown  in  the  right-hand  half  of 
the  Table  V. 

Referring  first  to  the  unmanured  soil,  there  is  seen  to  be  a 
difference  of  more  than  17  per  cent,  of  moisture  between  the  wet 
and  dry  conditions  of  the  staple,  or  uppermost  6  inches  of  soil. 
The  difference  then  diminishes,  more  rapidly  at  first,  until,  in 
the  lower  layers,  it  ranges  from  under  8  to  about  9  per  cent. 
There  is  an  average  of  about  lOf  per  cent  more  water  in  the  wet 
than  in  the  dry  soil  to  the  total  depth  examined. 

The  difference  between  the  saturated  and  the  dry  conditions 
of  the  various  layers  of  the  dunged  soil  is  much  more  striking 
still :  amounting  to  over  35  per  cent  within  the  first  3  inches, 
to  nearly  29  per  cent  in  the  second  3  inches,  to  more  than 
21  per  cent  in  the  third  3  inches,  and  to  nearly  16  per  cent  within 
the  next,  or  fourth,  3  inches.  It  then  lessens  considerably,  again 
increases,  and  again  diminishes  to  within  the  range  of  the  drain- 
pipes. The  result  is  that,  within  the  uppermost  12  inches  of 
soil,  there  is  an  increase  of  about  25  per  cent,  of  moisture  in  the 
wet  as  compared  with  the  dry  condition ;  or,  taking  the  total 
depth  of  36  inches,  there  is  an  increase  of  over  15^  per  cent 

The  artificially  manured  soil  also  shows,  almost  throughout, 
greater  difference  in  the  amount  of  water  retained  in  the  two 
states  than  the  unmanured,  but  less  than  the  dunged  soil.  In 
the  lower  layers  there  are,  as  in  the  case  of  the  dunged  plot, 
some  irregularities  not  satisfactorily  explained.  The  final  result, 
to  the  total  depth  of  36  inches,  is  an  average  of  nearly  13  per 
cent  more  water  in  the  wet  than  in  the  dry  condition* 

It  will  be  useful  to  compare  the  actual  amounts  of  water  per 
acre,  in  the  different  soils  to  the  total  depths  examined,  which 
the  percentage  results  represent  Reckoning,  as  before,  the  soil 
in  the  dry  state  to  weigh,  exclusive  of  stones,  an  average  of 
1,000,000  lbs.  per  acre  for  each  3  inches  of  depth,  we  have 
12,000,000  lbs.  for  the  weight  of  the  dry  soil  to  the  depth  of 
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36  inches ;  and  allowing  one-eighth  more  for  the  wet  soil,  we 
have  13,500,000  lbs  per  acre  for  its  weight  to  the  depth  of 
36  inches.  Adopting  these  figures,  and  the  average  percentage 
of  moisture  in  the  soil  of  each  plot,  we  have  die  following 
amounts  of  water  per  acre  on  the  respective  plots  in  the  two 
conditions : — 

Table  VI. 


Jaly.  1868.     Jannary,  1869. 
Dry.             SAfcorated. 

DUIereDCS. 

Tons  of  Water,  per  Acre,  to 

a  depth  of  36  inches. 

Plot  3. — Unmannred 

Plot  2.— With  Farmyard  Manure     ..      .. 
Plot  8a. — With  Mineral  Manure  and  Am-I 
mouia-salta f 

666 
591 

694 

1396 
1610 

1549 

730 
1019 

855 

Tons  of  Water,  per  Aci-e,  over  (or  under)  Plot  3. 

Plot  2. — With  Farmyard  Manure 
Plot  8a. — With  Mineral  Manure  and  AmA 
monia-salts / 

-75 
28 

214 
153 

289 
125 

Thus  we  have  on  the  unmanured  plot  730,  on  the  dunged 
plot  1019,  and  on  the  artificially  manured  plot  855  tons,  more 
water  per  acre,  to  the  depth  of  36  inches,  when  the  soils  were 
saturated  than  when  in  the  dry  condition.  As  already  said,  the 
soils  would  not  retain  such  an  amount  of  moisture  at  the  time  of 
the  commencement  of  active  vegetation.  But,  by  way  of  illus- 
tration, it  may  be  stated  that  if  they  retained  even  two-thirds 
of  the  indicated  difference  prior  to  the  commencement  of  the 
drought,  and  the  commencement  of  active  growth  in  1868,  the 
amount  would  be  considerably  more  than  would  be  required  by 
the  unmanured  crop,  and  would  supply  a  large  proportion  of  that 
required  by  the  manured  crops,  on  die  supposition  that  about 
300  parts  of  water  would  be  exhaled  by  the  plants  for  1  part 
of  dry  substance  fixed  by  them.  The  soil-resources  of  moisture 
available  to  the  growing  crop  would,  however,  doubtless  extend 
beyond  the  depth  to  which  the  examinations  refer.  Then  again, 
the  amount  of  rain  which  actually  fell  during  the  period  of 
active  growth,  though  comparatively  small,  would,  nevertheless, 
be  not  immaterial  considered  in  relation  to  the  balance  of  the 
requirements  of  the  crops. 

A  very  remarkable  point  connected  with  these  results  is,  how- 
ever, the  difference  in  the  amount  of  water  retained  per  acre  to  a 
given  depth  by  the  soils  of  the  different  plots  when  saturated. 
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The  unmanured  soil  and  sabsoil,  comparatively  little  disturbed 
and  disintegrated  by  the  -permeation  and  the  decomposition  of 
roots,  and  not  at  all  by  the  action  of  manures,  would  oflfer  less 
sorface  and  absorb  less  water,  and  they  are  seen  to  retain  less 
than  those  of  either  of  the  manured  plots.  The  soil  and  sub- 
soil of  the  artificially  manured  plot  would  be  affected  by  the 
permeation  not  only  of  more  roots,  but  of  the  solution  of  the 
manures  or  of  some  of  their  products  of  decomposition,  —  by 
the  latter  especially  in  the  lower  layers.  But  it  is  the  dunged 
plot,  with  its  vast  accumulation  of  organic  matter  near  the  sur- 
face, and  its  finely  divided  and  dissolved  products  of  decomposi- 
tion permeating  to  a  greater  or  less  depth  beyond,  and,  doubtless, 
a  considerable  development  of  root,  that  is  seen  to  possess 
the  greatest  power  of  retention  of  moisture,  especially  near  the 
surface. 

Taking  the  figures  relating  to  the  saturated  soils  as  they  stand, 
the  artificially  manured  plot  retained  153  tons,  and  the  dunged 
plot  214  tons  more  water  per  acre,  to  the  depth  examined,  than 
the  unmanured — amounts  which  represent,  respectively,  about 
1^,  and  more  than  2  inches  of  rain.  Or,  if  we  take  the  difference 
between  the  amounts  retained  in  die  dry  and  the  wet  condi- 
tions, the  dunged  soil  shows  a  still  greater  excess  of  absorption 
when  saturated,  both  compared  with  the  unmanured,  and  with 
the  artificially  manured  soils.  Further,  the  details  show  that  the 
dunged  soil,  when  saturated,  retained,  within  12  inches  of  the 
surface^  an  excess  of  water  which  would  be  equivalent  to  about 
l'^  inch  of  rain  more  than  that  held  to  the  same  depth  on  either 
of  the  other  plots. 

In  connection  with  this  interesting  fact,  it  may  be  mentioned, 
that  whilst  the  pipe-drains  from  every  one  of  the  other  plots  in 
the  experimental  wheat-field  xxxn  freely^  perhaps  on  the  average 
four  or  five  times  annually,  the  drain  from  the  dunged  plot  seldom 
runs  at  all  more  than  once  a  year :  indeed,  it  has  not  with  cer- 
tainty been  known  to  run,  though  closely  watched,  since  about 
this  time  last  year.  At  first  it  was  thought  that  there  must  be 
some  stoppage,  or  some  fault  in  the  levels.  Accordingly,  the 
soil  was  opened  in  various  places,  but  was  found  to  be  far  from 
saturated  down  to  the  range  of  the  drains.  It  was  then  con- 
cluded that  the  result  was  due  to  the  greater  power  of  absorption 
and  retention  of  moisture  by  the  dunged  soil  near  the  surface ; 
and  even  supposing  the  figures  above  given  should  exaggerate 
the  difference  actually  occurring,  there  would  still  be  a  wide 
margin  remaining,  sufficient  to  account  for  the  fact  of  no  water 
reaching  the  drains  excepting  under  the  influence  of  an  unusually 
large  and  continued  rainfall.  Such  a  fact  as  the  one  here 
recorded  is  obviously  of  great  interest  and  significance.    Whether 
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the  porosity  of  a  clay  soil  be  increased  by  the  application  of 
manure,  by  mechanical  means,  or  by  a  combination  of  the  two, 
its  power  to  absorb  and  retain  water,  without  being  wet,  and  in 
an  available  state,  will  be  proportionately  increased,  and  the 
necessity  for  artificial  drainage,  at  any  rate  on  some  soils, 
would  be  greatly  obviated.  , . 

From  the  results  adduced,  it  may  safely  be  concluded,  as 
already  intimated,  that  the  three  plots  would  retain  different 
amounts  of  water,  due  to  the  previous  winter  rains,  at  the  time 
of  the  commencement  of  active  vegetation  in  the  spring.  And 
although  the  actual  amounts  of  excess  indicated  by  the  figures 
in  Table  VI.  may  not  be  true  measures  of  the  increased  reten- 
tion by  the  manured  as  compared  with  the  unmanured  soil,  and 
although  the  excess  at  any  one  time  may  not  be  sufficient  to 
meet  the  increased  requirements  of  the  manured  crop,  it  must 
be  supposed  that  the  soils  of  higher  retentive  power  would  retain 
proportionally  more  of  every  heavy  shower  falling  from  time  to 
time  during  growth  ;  and  hence  may  be  accounted  for  the  differ- 
ences, not  at  first  sight  adequately  explained,  in  the  amounts  of 
water  retained  by  the  different  soils  at  the  period  when  they  had 
supported,  and  nearly  carried  to  completion,  such  widely  different 
amounts  of  crop. 

Have  we  not,  also,  in  the  fact  that  the  soil  and  subsoil,  to 
a  considerable  depth,  may  frequently  during  the  winter  be 
saturated  with  water,  a  probable  explanation,  of  part  at  least, 
of  the  less  effect  of  a  given  amount  of  nitrogen  applied  in  the 
autumn  in  the  form  of  ammonia-salts,  than  of  an  equal  amount 
supplied  in  the  spring  as  nitrate  of  soda?  For  although  the 
ammonia  of  the  ammonia-salts  is  in  great  part  absorbed  bj 
the  upper  layers  of  the  soil,  it  is  well  established  that  a  portion 
of  the  nitrogen  supplied  as  manure  in  the  form  of  ammonia 
becomes  converted  into  nitric  acid,  and  reaches  the  drains  in 
the  form  of  a  nitrate;  and  it  may  be  assumed  that  this  action 
would,  other  things  being  equal,  be  the  greater  the  greater  the 
amount  of  water  passing  through  the  soil.  Professor  Voelcker, 
who  has  analysed  many  of  the  drainage  waters  collected  at 
different  times  from  the  several  plots  in  the  experimental  wheat- 
field  at  Rothamsted,  has,  moreover,  found  a  greater  amount  of 
nitric  acid  in  them  the  greater  the  amount  of  ammonia-salts 
applied  as  manure. 

Another  reason  which  may  in  part  explain  the  frequent  less 
effect  of  a  given  amount  of  nitrogen  applied  as  ammonia-salts 
than  of  an  equal  amount  applied  as  nitrate  of  soda,  even  when 
both  are  sown  at  the  same  time  in  the  spring,  may  be  that,  as 
the  nitric  acid  of  the  nitrate  distributes  more  rapidly  under  the 
influence  of  rain  than  does  the  ammonia  of  the  ammonia-salts. 
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so  may  the  development  of  root  be  the  more  encouraged  under 
the  influence  of  the  nitrate ;  and  so,  proportionately,  will  the 
plant  gain  greater  possession  of  the  soil,  and  consequently  be 
able  to  avail  itself  of  a  wider  range  of  both  food  and  moisture 
within  a  given  time.  Further,  from  the  results  which  have  been 
record^  on  the  point  in  the  foregoing  pages,  it  would  seem  that 
when  the  nitrate  is  applied  year  after  year  on  the  same  plot  for 
many  years  in  succession,  the  action  on  the  soil  and  subsoil  of  its 
solution,  or  of  that  of  the  products  of  its  decomposition,  tends  to 
increased  disintegration,  and  to  increased  power  of  retention 
of  moisture,  and  thus,  again,  to  encourage  a  greater  extension  of 
root. 

Eesults  relating  to  the  Gbowth  of  Barley. 

Our  next  and  last  illustrations  have  reference  to  the  growth  of 
barley.  This  crop  has  been  grown  at  Rothamsted  for  nineteen 
years  in  succession  on  the  same  land,  without  manure,  with  farm- 
yard manure,  and  with  numerous  artificial  mixtures  each  year. 
The  fluctuations  in  the  amount  of  produce  dependent  on  season, 
manure,  and  the  continued  growth  of  the  crop,  being  greater 
than  in  the  case  of  wheat,  it  would  occupy  too  much  space  to 
follow  up  the  same  line  of  illustration  as  that  adopted  in  regard 
to  that  crop ;  and  it  is  the  less  necessary  or  desirable  to  do  so, 
as  we  hope  to  report  the  whole  of  the  results  after  the  twentieth 
crop  in  succession  has  been  harvested. 

Referring  to  the  influence  of  the  variation  of  rainfall  from 
year  to  year,  it  will  sufiice  to  say  here  that  extremely  low  produce 
of  barley  was  obtained  with  both  a  great  excess  and  a  great 
deficiency  of  rain  during  the  months  of  active  vegetation.  The 
bad  result  with  excess  of  rain  was  coincident  with  unusually 
low,  or  unusually  high  temperatures ;  and  that  with  deficiency 
of  rain  with  high  temperatures.  On  the  other  hand,  the 
highest  amounts  of  produce  were  obtained  with  only  moderate 
amounts  of  rain  during  the  growing  period,  provided  there  were 
a  favourable  distribution  of  it,  and  a  favourable  adaptation  of 
temperature.  And  whilst  an  excess  of  rain,  during  the  growing 
months,  is  adverse  to  the  favourable  growth  of  both  wheat  and 
barley,  a  great  deficiency  of  rain  during  that  period  is  found  to 
be,  as  would  be  anticipated,  more  adverse  to  the  spring-sown 
barley  than  to  the  winter-sown  wheat 

In  the  experiments  on  barley,  equivalent  amounts  of  nitrogen, 
as  ammonia-salts  and  nitrate  of  soda  respectively,  have  not  been 
employed  in  conjunction  with  mineral  manures  from  the  com- 
mencement ;  but  where  they  have  been  employed,  each  separately, 
without  such  admixture,  a  similar  result  is  observed  as  with  both 
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hay  and  wheat  That  is  to  saj,  higher  amounts  of  both  com 
and  total  prodace  have  been  obtained  from  the  use  of  a  given 
amount  of  nitrogen  applied  as  nitrate  of  soda,  than  from  that  of 
an  equal  amount  applied  as  ammonia-salts — both  manures  being 
in  the  case  of  barley  sown  in  the  spring. 

In  1868  experiments  were  commenced  in  which  nitrate  of 
soda  was  used  in  conjunction  with  mineral  manures,  and  below 
are  given  the  results  obtained  in  1868,  1869,  and  1870,  with 
mixed  mineral  manure  and  200  lbs.  of  ammonia-salts  per  acre 
per  annum,  compared  with  those  of  the  same  mixed  mineral 
manure  and  275  lbs.  of  nitrate  of  soda,  which  is  estimated  to 
contain  about  the  same  quantity  of  nitrogen  as  the  ammonia- 
salts.  As  in  the  case  of  wheat,  not  the  actual  number  of  bushels 
measured,  but  the  bushels  of  dressed  com  calculated  at  an 
assumed  uniform  weight  per  bushel  are  given.  For  barley,  52  lbs. 
per  bushel  is  taken. 

Table  VII. — Showing  the  effect8  on  the  Barley  Crop  of  a  given  amount  of 
Nitrogen  as  Ammonia-salts,  compared  with  an  equal  amount  as  Nitrate 
of  Soda. 


Dre*8RD  Cork. 
(In  bushels  of  62  lbs.) 

Straw. 

Total  Product. 
(Com  and  Straw.) 

Mineral 
Manure  and 
Ammonia- 
salts. 

Mineral 
Manure  and 
Nitrate  Soda. 

Mineral 

Manure  and 

Ammonia- 

tialts. 

Mineral 
Manure  and 
Nitrate  Soda. 

Mineral 

Manure  and 

Amroonifr* 

salts. 

Mineral 
Manure  and 
Nitrate  Soda. 

1868  .. 

1869  .. 

1870  .. 

Bushels. 
37 
54j 

41} 

Bushels. 
49 

485 

lbs. 
2333 
38fi3 
2090 

Ibe. 
28C8 
4265 
2050 

lbs. 
4311 
6701 
4287 

lb*. 
5454 
7194 
4621 

Mean 

<n 

505 

2759 

3061 

5100 

5756 

Here,  then,  we  have  again  a  similar  result  There  is,  too, 
proportionately  a  greater  increase  with  the  nitrate,  especially 
of  corn,  in  the  two  drier  and  hotter  seasons  of  1868  and  1870 
— years,  in  fact,  of  summer  drought. 

The  following  Table  shows  the  produce  of  barley  without  manure, 
with  farmyard  manure,  and  with  mixed  mineral  manure  and 
200  lbs.  ammonia-salts  per  acre,  in  1868,  and  in  1870,  the  two 
recent  years  of  summer  drought;  and  also,  under  the  same  condi- 
tions as  to  manure,  the  average  produce  over  the  nineteen  years  of 
the  experiment  As  before,  the  number  of  bushels  of  dressed  com, 
reckoned  at  an  uniform  weight  of  52  lbs.  per  bushel,  is  given. 
And,  side  by  side  with  these  records  of  produce,  is  given  the 
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amounts  of  rain  at  Rothamsted,  in  April,  May,  June,  and  July, 
each  year,  those  being  the  months  of  active  growth  of  the  barley 
crop. 

Table  VIII. 


(In 

DssaasD  GbKK. 
bufihela  of  52  lbs.) 

Total  Produce. 
(Cora  and  dtxaw). 

Ra 

rXFALL  AT  BOTHAMSTKD. 

"8 

•2 

• 

1 

1 

1 

11 

B<> 

Mean. 

i 

1 

••• 

a 

1 

1 

l| 

Mean. 

April. 

May. 

June. 

July. 

Total. 

^ 

(K 

a 

S 

u* 

s 

1 

Baah. 

1 

Bush.  Ba.sh. 

1 

Buflh. 

lbs. 

Iba.  '    lb& 

lbs. 

Ins. 

IiM.  1  Ins.      Ins. 

Ins. 

JOOB      ■ •       •  • 

11^ 

47i  j    3:i 

32 

1902 

5281 

4311 

38J1 

2-19 

0-73     0-37     0-37 

3-66 

1870    . .     . . 

121 

52* 

41| 

351 

1489 

4949 

4287 

3576 

0-46 

1-35  ;  0-98      1-12 

3*91 

ATerage,  ISYeara,  / 
18d2-1870      ..( 

20 

50i 

m 

m 

2433 

5a56 

5786 

4698 

i 
1*72     2'36     2*43     2'37 

8-88 

As  there  has  been  a  decline  in  the  produce  without  manure 
during  the  second  as  compared  with  the  first  half  of  the  period 
over  which  the  experiments  have  extended,  the  diflference  indi- 
cated between  the  unmanured  produce  in  the  years  of  drought 
and  that  over  the  nineteen  years  will  exaggerate  the  deficiency 
due  to  the  deficient  rainfall  alone  during  the  four  growing  months 
of  the  two  years  in  question.  On  the  other  hand,  the  produce 
by  farmyard  manure  has  considerably  increased  during  the  latter 
half  of  the  period,  and  hence  the  deficiency  in  the  years  of 
drought  which  the  figures  show  for  that  manure  is  less  than 
is  due  to  the  characters  of  the  seasons  alone.  With  the  artificial 
manure  the  produce  was,  however,  very  much  more  nearly 
equal  during  the  first  and  second  halves  of  the  total  period, 
and  the  indicated  deficiency  in  the  years  of  drought  probably 
more  nearly  represents  that  really  due  to  the  characters  of  the 
seasons  in  its  case.  With  this  manure  there  was  a  deficiency 
compared  with  the  average,  of  11  bushels  of  corn  in  1868,  and  of 
6f  bushels  in  1870 ;  or,  of  total  produce,  of  1475  lbs.  in  1868, 
and  of  1499  lbs.  in  1870.  There  was  not  far  from  an  equal 
total  amount  of  rain  during  the  four  months  in  the  two  seasons ; 
but  whilst  there  was  more  than  an  average  fall  in  April,  1868, 
and  only  about  one-fourth  the  average  fall  in  April,  1870,  there 
was  a  greater  deficiency  in  May,  June,  and  July,  1868..  than  in 
the  same  months  in  1870.  The  result  was  a  greater  deficiency 
of  com,  but  a  less  deficiency  of  straw,  in  1868  than  in  1870. 

We  are  enabled  to  adduce  more  direct  experimental  evidence 


32  Drouffid  of  1870  and 

showing  the  extent  to  which  the  barley-plant  can  avail  itself  of 
the  stores  of  moisture  within  the  soil,  than  that  which  was  at 
command  relating  to  wheat 

Before  considering  the  results  themselves,  to  which  reference 
is  here  made,  it  will  be  well  to  describe  briefly  the  circumstances 
under  which  they  were  obtained.  With  a  view  to  the  determi- 
nation of  what  proportion  of  the  rainfall  passes  to  given  depths 
in  the  subsoil,  under  different  conditions  of  season,  manuring, 
and  cropping,  a  series  of  experiments  has  been  commenced,  for 
the  cutting  off,  and  the  collection,  of  the  drainage-water  from  the 
land  at  different  depths — an  essential  condition  being  that  neither 
soil  nor  subsoil  should  be  disturbed.  Leaving  out  of  view  for 
the  present  the  questions  of  the  influence  of  different  manures,  or 
of  the  growth  of  different  crops,  early  in  1870  three  plots  of  un- 
cropped  land,  each  of  one-thousandth  of  an  acre  area,  were 
selected,  with  a  view  of  determining  the  amount  of  water  passing 
below  the  depths  of  20,  40,  and  60  inches,  respectively.  The 
plan  of  operating  was,  to  cut  a  sufliciently  wide  trench  for  men 
to  work  in,  down  one  side  of  the  plot,  to  a  considerably  greater 
depth  than  that  at  which  the  drainage  was  to  be  cut  off.  The 
plot  was  then  carefully  undermined  and  shored  up  at  the  depth 
decided  upon,  until  a  castriron  plate,  rather  more  than  the  length 
of  the  plot,  8  inches  wide,  and  having  small  holes  for  the  water 
to  drain  through,  could  be  got  in  and  fixed  underneath.  The 
plot  was  then  further  undermined,  until  another  plate  could  be 
put  in  ;  and  so  on,  until  the  whole  was  supported  at  the  proper 
depth,  without  disturbance,  by  a  perforated  iron  flooring,  which 
finally  was  itself  supported  on  three  sides  by  brickwork,  and  on 
the  fourth  and  across  the  middle  by  iron  girders.  The  three  as 
yet  undisturbed  sides  of  the  plot  were  then  trenched  round ;  a 
4^inch  brick  and  cement  wall  was  built  round  the  plot,  resting 
on  the  projecting  rim  of  the  iron  flooring  below,  and  finished 
level  with  the  surface  above.  The  trench  outside  the  wall  was 
then  filled  in  again.  Thus,  the  exact  area  required  was  cut  off 
from  the  surrounding  soil  by  brickwork  at  the  sides,  and  below, 
at  the  depth  required,  by  a  perforated  iron  flooring. 

The  field  in  which  these  drain-gauges  were  made,  had  grown 
wheat  in  1869,  and  was  sown  with  Imrley  in  March,  1870,  and 
the  drill  by  mistake  was  allowed  to  sow  two  rows  of  seed  on  the 
plots  along  one  side  of  them.  As  the  excavations  proceeded, 
barley-roots  were  observed  to  have  extended  to  a  depth  of  between 
4  and  5  feet,  and  the  clayey  subsoil  appeared  to  be  much  more 
disintegrated,  and  much  drier,  where  the  roots  had  penetrated  than 
where  they  had  not  Accordingly,  it  was  decided  to  niake  careful 
notes  on  the  sections  under  the  two  conditions,  and  also  to  take 
samples  of  soil  and  subsoil  to  a  depth  below  that  at  which  roots 
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were  traced,  with  a  view  to  the  determination  of  the  amounts 
of  moistare  at  the  different  depths  in  the  two  cases.  Portions  of 
the  barlej-ground  and  the  fallow*ground,  closely  adjoining  the 
drain-gauge  plots,  but  undisturbed  by  the  excavations  in  connec- 
tion with  them,  were  selected,  and  from  each  six  samples,  6x6 
inches  superficies  by  9  inches  deep,  that  is,  in  all  to  a  depth  of 
54  inches,  were  taken. 

The  following  Table  shows  the  percentages  of  moisture  in  the 
different  samples,  including  that  lost  during  their  preparation,  as 
well  as  that  afterwards  expelled  at  a  temperature  of  212^  Fahr. : — 

Table  IX. — Percentages  of  Moisture  in  Uncropped  and  in  Cropped  Land,  at 

diti'erent  depths. 
Samples  collected  Jane  27th  and  28th,  1870. 


Depth  of  Sample. 

Fallow  I  And. 

Barley  Land. 

11-91 
19-32 
22-83 
25-09 
26-98 
26*38 

Difference. 

First     9  inches 
Second  9     , , 

Third   9 

Fourth  9     .,            .... 

Fifth     9     , 

Sixth    9     ,,            .... 

..    1            20-36 
..    I           29-53 
..    !           34-84 
34*32 
..    i           31-31 

33-55 

1 

8-45 
10-21 
12-01 
9-23 
4-33 
7-17 

Mean 

..    '           80-65 

22-09 

8-.')6 

Before  commenting  on  these  results,  it  should  be  stated  that, 
ten  days  previous  to  the  collection  of  the  samples,  about  two- 
thirds  of  an  inch  of  rain  had  fallen,  and  only  three  days  before 
the  collection  about  one-tenth  of  an  inch ;  and  hence,  perhaps, 
may  in  part  be  accounted  for  the  somewhat  high  percentage  of 
moisture  in  both  soils  near  the  surface  at  that  period  of  a  season 
which  was  upon  the  whole  one  of  unusual  drought  Further, 
for  a  few  days  during  the  interval  since  the  heavier  rainfall, 
some  soil,  thrown  out  from  the  excavations  near,  had  laid  upon 
the  spot  whence  the  samples  from  the  uncropped  land  were  taken, 
and  hence,  again,  may  be  accounted  for  part  of  the  excess  near 
the  surface  in  the  uncropped  as  compared  with  the  cropped 
land. 

The  difference  between  the  amounts  of  water  retained  at  the 
depths  examined  by  the  uncropped  and  the  cropped  ground,  at 
points  only  a  few  feet  apart,  is  very  striking ;  and  that  it  should 
be  greater  in  the  upper  portions  of  the  subsoil,  which  had  pro- 
bably contributed  more  to  the  exigencies  of  the  growing  crop  than 
the  lower  layers,  is  what  would  be  expected.  The  percentage  of 
water  in  the  subsoil  even  of  the  cropped  land  was  very  high — 
indeed  nearly  as  high  at  corresponding  depths  as  in  that  in  the 
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experimental  wheat-field  in  January,  1869,  when  it  was  supposed 
to  be  in  a  state  of  saturation  ;  whilst  the  amount  in  the  subsoil 
of  the  uncropped  land  was  not  only  considerably  higher  than 
in  that  of  the  cropped  land,  but  considerably  higher  also  than  in 
that  of  the  saturated  wheat  soil.  We  shall  recur  presently  to  the 
difference  in  the  percentage  of  moisture  in  the  soils  and  subsoils 
of  the  different  fields  which  have  been  referred  to,  but  must  first 
direct  attention  to  the  more  special  application  of  the  results  now 
under  consideration. 

The  following  Table  shows  the  number  of  tons  of  water  per 
acre  retained  to  the  total  depth  of  54  inches,  or  4^  feet,  by  the 
uncropped  and  the  cropped  land,  and  the  difference  between 
the  two.  The  upper  line  gives  the  amounts  calculated  according 
to  the  actual  weights  of  the  measured  samples  of  soil  (exclusive 
of  stones),  and  the  lower  line  the  amounts,  assuming  that  (exclu- 
sive of  stones),  the  dry  or  barley  soil  would  weigh  18,  and  the 
wet,  uncropped  or  fallow  soil  19^  million  lbs.,  to  the  depth  of  54 
inches : — 

Table  X.  —  Tons  of  Wat«r  per  Acre  to  the  depth  of  54  inches,  in  Fallow 

Land,  and  in  Land  Cropped  with  Barley. 

Samples  collected  June  27th  and  28th,  1870. 


WaTKR  FEB  A'^KR. 

Fallow  Land.        Barley  LanU.    l    Difference. 

According  to  experimentally  determined^ 
weights  of  soil      / 

According  to  assumed  average  weights\ 
ofsoil / 

Tons. 
2875 

2668 

Tons. 
1951 

177.*i 

Tons. 
924 

893 

* 

Mean         

2772 

1863                  909 

On  whichever  basis  the  calculation  is  made,  the  indication  is 
that  there  were  about  900  tons  less  water  per  acre  in  the  soil  and 
subsoil,  to  the  depth  of  4  feet  6  inches,  where  the  barley  had 
grown  than  where  the  land  was  fallow.  It  may  be  that  part  of 
the  excess  in  the  uncropped  land  was  due  to  the  shelter  from 
surface  evaporation  since  the  last  preceding  heavy  rain,  by  the 
laying  of  soil  upon  it  for  a  few  days,  as  above  referred  to. 
But  even  supposing  a  liberal  deduction  on  this  account,  the 
evidence  would  still  point  to  the  conclusion  that  there  bad  been 
a  higher  rate  of  exhalation  by  the  growing  crop  than  800  parts 
of  water  for  every  1  part  of  dry  substance  fixed  ;  for  it  may 


Experimental  Crops  at  Rothamsted.  35 

safely  be  assumed  that  the  dry  matter  of  the  crop  at  the  time 
of  the  experiment  would  be  under  rather  than  over  2  tons 
per  acre,  which,  at  the  rate  of  300  parts  to  \y  would  only 
account  for  an  exhalation  of  600  tons  of  water  per  acre. 
Further,  since  there  was  such  a  great  difference  in  the  per- 
centage of  moisture  in  the  two  cases  at  the  lowest  depth  taken, 
it  is  only  reasonable  to  conclude  that  the  difference  extended 
lower  still. 

To  conclude,  in  reference  to  these  particular  experiments,  it  is 
clear  that  we  have  in  the  facts  adduced  sufficient  evidence,  and 
a  striking  illustration,  of  the  enormous  extent  to  which,  in  a  time 
of  drought,  our  crops  may  rely  upon  the  supplies  of  moisture 
previously  stored  up  within  the  soil.  At  the  same  time  it 
cannot  fail  to  be  recognised  how  dependent  must  be  the  result 
upon  the  character  of  the  soil  and  the  subsoil  with  which  the 
farmer  may  have  to  deal. 

Summary,  akd  General  Observations. 

Leaving  detail,  it  will  be  of  interest  to  summarise  the  results 
illustrating  the  difference  of  effect  of  the  drought  of  the  past  year  on 
the  different  crops,  and  also  to  bring  together  those  relating  to  the 
amount  of  water  retained  by  the  soils  and  subsoils  of  the  different 
fields,  under  the  various  conditions  as  to  season,  manuring,  and 
cropping. 

It  has  been  already  said  that  although  the  summers  of  both 
1868  and  1870  were  seasons  of  drought,  yet,  chiefly  owing  to  the 
facts  that  the  deficiency  of  rain  commenced  later,  and  the  tem- 
peratures ruled  higher  in  1868,  there  was  in  reality  considerable 
difference  in  the  characters  of  the  periods  of  growth  of  the  two 
seasons,  and  in  their  consequent  effects  upon  the  different  crops. 
To  save  space,  however,  we  will  confine  attention  here  to  the 
eflects  on  the  different  crops  of  the  more  continued  drought 
of  1870. 

Table  XI.  shows  the  average  annual  produce  obtained,  under 
selected  conditions  as  to  manure,  of  hay,  of  wheat,  and  of  barley  ; 
also  the  produce  of  each  in  1870,  and  the  deficiency  compared 
with  the  average.  In  the  case  of  the  hay,  the  average  is  taken 
over  15  years,  and  in  thai  of  wheat  and  barley  over  19  years. 
For  simplicity  of  comparison,  the  produce  is,  for  all  three  cro|)s, 
given  in  lbs. ;  and  the  figures  relating  to  wheat  and  barley  repre- 
sent the  total  produce,  com  and  straw  together — which,  of  course, 
more  clearly  indicates  the  total  amount  of  vegetable  growth,  com- 
pared with  that  of  the  hay,  than  the  records  of  com  and  straw 
separately  would  do. 
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Table  XI.— Produce  of  Hay,  Wheat,  and  Barley  in  1870  compared  with 

the  average. 


■ 

Hay; 
15  Yean. 

TbTAL  Pbodocb, 
Oom  and  Straw. 

1 

Wheat; 
19Tean. 

Baricj; 
19  Yean. 

Without  Manure. 

Average  produce  per  acre  per  annum  . . 
Produce  in  1870      

Iba. 
2391 

644 

Ibfi. 
2398 

2002 

Iba. 
2453 

1489 

Deficiency  in  1870      

1747 

396 

964 

With  Farmyard 

Manure. 

Average  produce  per  acre  per  annam  . . 
Produce  in  1870      

4604* 
1556 

6016 
5092 

5856 
4949 

Deficiency  in  1870      

3048 

924 

907 

With  Mixed  Mineral  Manure  and  Ammo 

nia-salts. 

Average  produce  per  acre  per  annum  . . 
Produce  in  1870      

5794 
3306 

6267 
5836 

5786 
4287 

Deficiency  in  1870      

2488 

431 

1499 

It  is  remarkable  that,  notwithstanding  the  great  fluctaation  in 
the  amounts  of  produce  of  each  of  the  three  crops  from  year  to 
year  according  to  season,  and  also  the  difference  in  the  deg^ree  in 
which  each  will  vary  from  the  average  in  one  and  the  same 
season,  still,  when  tibe  average  is  taken  over  a  considerable 
number  of  years,  hay,  wheat,  and  barley,  are  seen  to  yield  without 
manure  almost  identically  the  same  average  weight  of  produce 
per  acre  per  annum.  On  this  point  it  should  be  mentioned  that 
the  second  crop  of  grass  is  never  removed  from  the  land,  being 
either  consumed  on  it  by  sheep  having  no  other  food,  or  mown 
and  left  to  rot  as  manure.  The  deficiency  without  manure,  due 
to  the  drought  of  1870,  is  seen  to  be  1747  lbs.  of  hay,  964  lbs. 
of  barley  (corn  and  straw),  and  only  396  lbs.  of  total  produce  of 
wheat.  Thus,  the  deficiency  was  much  the  greatest  in  the  hay ; 
there  being  a  reduction  in  its  case  by  nearly  three-fourths,  in  that 

*  For  the  hay  cro]),  farmyard  manure  was  only  applied  in  the  first  8  yean ;  but 
the  average  prodnoe  is  taken  over  the  1 5  years. 
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of  the  barley  by  scarcely  two-fifths,  and  ia  that  of  the  wheat  by 
only  about  one-sixth,  compared  with  average  amounts. 

For  the  hay-crop,  farmyard  manure  was  only  applied  during 
the  first  8  years  of  the  15 ;  but  as  the  average  produce  was  as 
great  over  the  succeeding  6  years  without  the  manure,  as  over 
the  first  8  years  with  it,  and  as  there  was  a  heavier  crop  in  1869 
than  in  any  of  the  preceding  13  years,  the  deficiency  in  1870 
compared  with  the  average,  may  be  taken  as  at  any  rate  mainly 
due  to  the  drought,  and  but  little  to  the  cessation  of  the 
manuring.  The  figures  as  they  stand  show,  as  without  manure, 
again,  a  much  greater  deficiency  than  in  either  wheat  or  barley ; 
the  crop  amounting  in  fact  to  only  one-third  the  average.  Of 
total  produce  of  wheat  and  barley,  there  is,  with  farmyard 
manure,  again  nearly  the  same  average  amount  over  19  years 
in  the  two  cases.  The  deficiency  in  1870  compared  with  the 
average  is  also  very  nearly  the  same  with  the  autumn-sown 
wheat  and  the  spring-sown  barley ;  amounting  in  each  case 
to  scarcely  one-sixth.  In  the  wheat  the  reduction  is  actually 
much  greater,  but  in  proportion  to  the  average,  only  about  the 
same  as  without  manure;  but  in  the  barley  it  is  actually  less, 
though  in  proportion  to  the  average  very  much  less,  than  without 
manure.  The  greater  power  of  retention  of  water  which  a  dunged 
soil  has  been  shown  to  possess  in  its  upper  layers,  has  doubtless 
much  to  do  with  the  result. 

With  the  artificial  mixture,  in  the  case  of  the  hay  and  the 
wheat  supplying  400  lbs.,  but  in  that  of  the  barley  only  200  lbs. 
of  ammonia-salts  per  acre  per  annum,  there  is  not  the  same 
uniformity  in  the  average  annual  produce  of  the  three  crops ; 
the  wheat  giving  nearly  500  lbs.  more  gross  produce  than  the 
hay  with  the  same  amount  of  ammonia  applied,  and  the  barley 
about  the  same  as  the  hay,  with  only  half  the  supply  of  ammonia- 
salts.  The  deficiency  in  1870  amounts,  in  the  hay  to  more  than 
two-fifths,  in  the  barley  to  rather  more  than  one-fourth,  and  in  the 
wheat  to  little  more  than  one-fifteenth,  compared  with  the  average. 

Thus,  then,  with  a  drought  extending  over  the  months  of 
April,  May,  June,  and  July,  the  mixed  herbage  of  permanent 
meadow  land  suffered,  under  the  different  conditions  of  manure 
in  question,  very  much  more  than  either  wheat  or  barley ;  and 
the  spring-sown  barley  suffered,  both  without  manure  and  with 
the  artificial  manure,  very  much  more  than  the  autumn-sown 
wheat.  With  the  farmyard  manure,  however,  the  barley  would 
appear  to  have  been  as  little  adversely  affected  by  the  deficiency 
of  rain  during  the  period  of  actual  growth  as  the  wheat.  We 
need  not  here  again  refer  to  the  special  conditions  already  ex- 
plained, under  which  the  hay  crop  was  as  little,  or  less,  affected 
by  the  drought  than  the  other  crops. 
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The  difference  between  the  conditions  of  growth  of  the  chiefly 
perennial  (or  biennial)  plants  composing  the  complex  mixed 
herbage  of  permanent  meadow  land,  and  those  of  an  annual, 
like  wheat  or  barley,  sown  at  a  stated  period  of  the  year  in 
arable  land,  and  having  a  fixed,  and  in  the  case  of  barley  only  a 
limited  time  for  distributing  its  underground  feeders,  and  so 
availing  itself  of  the  resources  of  nutriment  and  moisture  within 
the  soil,  are  obviously  very  great. 

The  perennial,  or  biennial,  character  of  most  of  the  plants 
composing  the  mixed  herbage,  would  seem  at  first  sight  to  give 
the  grass  a  great  advantage  over  the  com  crops.  But  observa- 
tion shows,  that  although  the  immediately  superficial  layers  of 
the  soil  may  be  more  thoroughly  penetrated  by  the  roots  of  the 
perennial  grasses  than  by  those  of  either  wheat  or  barley,  yet 
it  is  only  a  very  few  of  the  former,  encouraged  to  great  pre- 
dominance only  under  special  conditions,  that  seem  to  get  any- 
thing like  the  same  possession  of  the  lower  layers  of  the  soil  as 
the  two  corn  crops.  Careful  examination  has  also  shown,  and  it 
is  probably  generally  assumed,  that  the  winter-sown  wheat  secures 
possession  by  its  underground  feedere  of  a  more  extended  range 
and  greater  bulk  of  soil,  and  consequently  is  better  able  to  avail 
Itself  of  the  supplies  of  food  and  moisture  existing  below  a 
<'ertain  limited  depth  from  the  surface,  than  the  spring-sown 
barley.  The  wheat-plant,  indeed,  has  the  advantage  of  making 
root,  more  or  less  according  to  season  and  manure,  throughout 
the  winter  months,  during  ]>eriods  of  which,  at  any  rate,  the  soil 
will  be  saturated  with  moisture ;  and  in  the  case  of  moderately 
retentive  and  well  drained  soils,  it  will  be  able  to  establish  its 
independence  of  rain  falling  during  the  period  of  active  above- 
ground  growth,  very  much  more  than  will  a  spring-sown  crop 
like  barley. 

But  there  are  other  points  of  distinction  between  the  growth 
of  the  com  and  the  hay  crops.  Thus,  most  of  the  grasses,  which 
comprise  the  greater  proportion  of  the  latter,  flower  earlier  than 
the  wheat  or  the  barley ;  and  the  mixed  herbage  is  cut  by,  or 
before,  the  end  of  June,  when  very  little,  if  any  of  it,  has  arrived  at 
the  degree  of  ripeness  in  which  the  corn  crops  are  cut.  These, 
on  the  other  hand,  are  not  only  allowed  fully  to  ripen,  but  direct 
experiments  made  at  Rothamsted  upon  wheat  have  shown  that 
a  very  large  proportion,  probably  about  half,  of  the  total  dry- 
vegetable  substance,  or  of  the  total  carbon  of  the  crop,  is  fixed 
in  it  under  the  influence  of  the  greater  power  of  the  sun's  rays 
after  the  time  at  which  the  hay  crop  is  usually  cut 

These  facts  arc  obviously  an  element  in  the  explanation  of 
another  fact,  to  a  certain  extent  commonly  recognised,  and  which 
a  careful  comparison  of  the  results  of  the  field  experiments  at 
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Rothamsted,  with  the  records  of  the  conditions  of  heat  and 
moisture  under  which  the  crops  have  been  grown,  brings  clearly 
to  view — namely,  that,  as  compared  with  the  hay  crop,  the  com 
crops  are  not  only  less  dependent  on  the  amounts  of  rain  falling 
daring  the  period  of  active  vegetation,  but  more  on  a  relatively 
high  degree  of  temperature  during  that  period.  This  is  more 
strikingly  the  case  when  wheat  is  grown  by  means  of  readily 
soluble  mineral  and  nitrogenous  manures,  than  when  it  is  grown 
without  manure,  or  with  farmyard  manure.  Without  manure 
the  produce  is  comparatively  more  dependent  on  the  amount  of 
certain  constituents  brought  down  by  the  rain,  or  rendered 
available  by  its  means  from  the  stores  of  the  soil  itself;  and  it 
would  seem  that  where  farmyard  manure  is  employed,  a  con- 
siderable amount  of  rain  is  required  during  the  early  growing 
period  to  aid  its  decomposition,  and  so  to  set  free,  distribute,  and 
render  available,  its  fertilising  constituents.  In  the  case  of  the 
artificial  manures,  on  the  other  hand,  some  of  the  most  active 
fertilising  constituents  are  supplied  in  a  much  more  soluble  form, 
and  require  a  less  amount  and  continuity  of  rain  for  their  solu- 
tion and  distribution  throughout  the  pores  of  the  soil  within  a 
given  range.  ^ 

It  is  seen,  then,  that  several  reasons  concur  to  render  com 
crops  less  dependent  on  the  fluctuations  in  the  amount  of  rain 
falling  during  the  period  of  active  vegetation  and  accumulation 
of  substance  than  is  the  hay  crop  growing  under  otherwise 
parallel  conditions  as  to  soil  and  manure.  It  is  quite  intelligible, 
too,  that  the  autumn-sown  wheat,  with  its  much  longer  time  for 
the  formation  and  distribution  of  root,  and  its  tendency  to 
develop  proportionally  more  in  the  lower  and  proportionally 
less  in  the  upper  layers  of  the  soil,  than  the  spring-sown  barley, 
should  be  less  adversely  affected  than  the  latter  by  a  deficiency 
of  rain  during  the  period  of  active  above-ground  growth. 

Table  XII.  brings  together  at  one  view  the  percentage  amounts 
of  water  retained  by  the  soils  and  subsoils  of  the  difierent  fields, 
under  the  various  conditions  as  to  season,  cropping,  &c.  The 
results  so  summarised  relate  to  samples  collected  as  under : — 

1.  From  the  experimental  wheat  field,  just  before  harvest, 
1868 ;  mean  of  three  plots  differently  manured. 

2.  From  the  experimental  wheat  field,  in  January,  1869,  when 
the  land  was  supposed  to  be  saturated ;  mean  of  the  same  three 
plots  differently  manured. 

3.  From  uncropped  land,  near  the  end  of  June,  1870. 

4.  From  land  cropped  with  barley,  closely  adjoining  the  un- 
cropped land ;  samples  collected  at  the  same  date,  end  of  June, 
1870. 
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5.  From  permanent  meadow  land,  in  July,  1870,  after  tbe 
removal  of  the  crop ;  mean  of  three  plots  differently  manured. 

Table  XII. — Summary  of  Percentages  of  Moisture  in  Soils  and  Snbsails  from 
different  Fields,  and  under  different  conditions  as  to  Season,  Cropping,  &c. 


Depths 

of 
Samples. 


First 

9 

ins. 

Second  9 

f  f 

Third 

9 

1 1 

Foarth  9 

f  f 

Meao 

36 

i  > 

Fifth 

9 

1 1 

Sixth 

9 

f   T 

ExriRiifRNTAL  Wheat  Fiku>. 


Samples  collected, 

July,  1868; 

Mean  of 

Plots  3,  2,  and  So. 


6-23 
11-19 
16-02 
16*13 


Samples  collected, 

Jan.  6th  and  7  th, 

1M69;  Mean  of 

Plou  3, 2,  and  8a. 


1214 


27-17 

20-36 

22-70 

29-53 

25 '27 

34*84 

25-65 

34*32 

25*19 

29'76 

•  • 

81-31 

•  • 

33-55 

Mean  54 


f  t 


Bahn  Fikld. 

Samples  collected, 
Jons  27tta  and  istli,  isf  0. 


Uncropped 
Land. 


30*65 


Land  Growing 
Barley. 


11*91 
19*32 
22*83 
25*09 


19*79 

26*98 
26*38 


22  09 


rSBMAKSST 
MSATOW  Laxb. 

Samples  cdlerted, 
July  25th  and  SICli. 

1870;  M«anof 
Ploto  3. 9.  and  14. 


11*99 
11-77 
17*11 
19*32 


15*05 

20-67 
21*49 


17  06 


The  special  application  of  the  detailed  results  having  been 
already  fully  considered,  attention  must  be  confined  here  to  the 
more  general  indications  only  of  the  forgoing  summary. 

In  the  first  place,  it  should  be  observed  that  all  three  fields 
have  a  subsoil  of  reddish  yellow  clay,  resting  upon  chalk,  at  a 
varying  depth,  but  of  not  many  feet  from  the  surface.  All, 
therefore,  have  good  natural  drainage ;  and  it  is  very  seldom  that 
any  water  collects  in  the  furrows,  and  then  only  for  a  very  few 
hours.  The  experimental  wheat  field  is,  however,  pipe<lrained 
at  a  depth  of  about  30  inches,  and  at  a  distance  of  about  25  feet 
from  drain  to  drain. 

It  is  of  interest  to  observe  that  there  is  no  wide  difference  in 
the  amount  of  water  retained  at  corresponding  depths  in  the 
experimental  wheat-field  in  July  1868,  when  the  crop  was 
nearly  at  maturity,  and  in  the  permanent  meadow  land  in  Julj 
1870,  after  the  removal  of  the  hay  crop.  The  percentages  are, 
however,  rather  lower  in  the  drained  land ;  which,  at  the  time, 
had  probably  supported  a  higher  average  amount  of  produce  also. 

Towards  the  end  of  June  1870,  the  undrained  arable  land, 
which  then  carried  a  crop  of  growing  barley,  representing  pei^ 
haps  from  1^  to  2  tons  of  dry  substance  fixed,  retained  only  about 
the  same  amount  of  water  near  the  surface  as  the  meadow  land 
in  July  1868  ;  but,  lower  down,  it  held  considerably  more  than 
either  the  drained  wheat  land  in  July  1868,  or  the  undrained 
meadow  land  in  July  1870. 
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It  is  remarkable  that  the  uncropped  and  undrained  land, 
tbongh  retaining  much  less  water  within  9  inches  from  the  sur- 
face, from  that  point  downwards  retained,  in  June  1870,  con- 
siderably more  at  every  stage  than  the  drained  wheat  soil  in 
January  1869,  when  the  drains  were  running,  and  the  land  was 
supposed  to  be  saturated.  From  this  comparison,  it  is  obvious 
that  no  safe  conclusion  can  be  drawn  from  the  percentage  of 
water  in  the  subsoil  of  the  uncropped  but  undrained  land,  as  to 
the  probable  amount  retained  by  die  subsoil  of  the  drained  land 
at  the  commencement  of  active  vegetation  in  the  spring.  The 
amount  retained  in  the  subsoil  of  the  uncropped  and  undrained 
land  is  indeed  enormous ;  but  the  comparison  of  it  with  that  in 
the  adjoining  cropped  land  shows  clearly  enough  that  it  was 
readily  available  for  the  purposes  of  vegetation.  In  reference  to 
this  latter  point,  the  fact  of  the  good  natural  drainage  by  the 
chalk  must  not  be  overlooked. 

There  is,  upon  the  whole,  general  consistency  in  the  results 
brought  together  in  Table  XII.  It  may,  perhaps,  safely  be 
concluded  that,  notwithstanding  the  natural  drainage  by  the 
chalk,  the  pipe -drains  had  contributed  to  reduce  the  percentage 
of  moisture  retained  by  the  subsoil  of  the  experimental  wheat  field, 
to  the  depth  examined ;  but  that  they  had,  at  the  same  time. 
Tendered  the  clay  more  permeable  by  roots,  and  the  water  that  was 
retained  more  readily  available.  The  evidence  is,  at  any  rate,  very 
striking  as  to  the  degree  in  which,  in  a  time  of  drought,  our  crops 
are  enabled  to  rely  upon  the  water  previously  accumulated  within 
the  subsoil — provided  the  latter  be  of  sufficient  depth,  of  sufficient 
retentive  power,  and  at  the  same  time  sufficiently  permeable. 

Before  concluding,  it  will  be  well  to  call  attention  to  a  very 
important  bearing  of  some  of  the  results  adduced.  Assuming, 
as  we  may  be  allowed  to  do  for  the  sake  of  illustration,  that  a 
good  crop  of  hay,  wheat,  or  barley,  will  probably  exhale  not  less, 
and  perhaps  more,  than  700  tons  of  water  per  acre  during  growth, 
we  still  have  only  about  7  inches  of  rain,  out  of  an  average 
annual  fall  of  say  25  inches,  thus  directly  disposed  of  by  the 
growing  crop ;  and,  taking  the  amount  retained  by  the  soil  itself 
as  practically  a  constant  quantity  from  year  to  year,  there  re- 
mains to  be  disposed  of  by  evaporation  from  the  surface,  and  by 
passage  into  the  drains  or  otherwise  beyond  the  reach  of  the  roots 
of  the  crop,  an  average  of  about  18  inches  of  rain  annually, 
equivalent  to  more  than  1800  tons  of  water  per  acre. 

How  much  of  this  large  quantity  of  water  passes  off  by 
evaporation  from  the  surface  of  the  soil  itself,  inducing  by  capillary 
action  the  withdrawal  of  water,  carrying  with  it,  it  may  be,  essential 
plant^food,  from  the  lower  to  the  upper  layers  of  the  soil  ? — or,  how 


42  Drouffht  of  1870  and 

much  passes  downwards,  carrying  in  solution  any  manurial  matters 
in  excess  of  the  quantity  which  can  be  absorbed  and  retained 
within  the  pores  of  the  soil  and  the  upper  layers  of  the  subsoil  ? 

These  questions  cannot  be  so  satisfactorily  answered  in  regard 
even  to  any  particular  soil,  or  season,  as  is  desirable ;  and  could 
they  be  so,  the  answers  would  vary  greatly  with  variations  of  soil 
and  season.  As  already  stated,  direct  experiments  are  now  in 
progress  at  Rothamsted  with  the  view  of  acquiring  useful  data  on 
this  subject.  With  regard  to  the  results  hitherto  obtained,  it  may 
be  remarked  that,  from  September  1st  to  December  31st,  1870, 
that  is,  commencing  after  the  unusual  drought  of  the  preceding 
summer,  it  was  found  that,  out  of  a  rainfall  of  about  10*5  inches 
within  the  same  period,  about  50  per  cent,  had  passed  below  a 
depth  of  20  inches,  about  40  per  cent,  below  40  inches,  and 
about  20  per  cent,  below  60  inches  from  the  surface.  Calcula- 
tion further  showed  that,  even  supposing  there  were  some  accu- 
mulation during  August,  still,  a  very  large  proportion  of  that 
which  did  not  so  pass,  would  be  required  to  bring  the  previously 
very  dry  soil  to  the  point  of  saturation — judging  this  require- 
ment from  the  results  which  have  been  already  given  bearing 
upon  the  point  That  is  to  say,  as  would  be  expected,  a  com- 
paratively small  proportion  of  the  rainfall  was  evaporated  at  that 
season  of  the  year.  Much  more  would,  of  course,  so  disappear 
taking  the  whole  year  round ;  the  quantity  varying  considerably 
with  the  characters  of  the  soil  and  the  season. 

Towards  the  end  of  the  last  century.  Dr.  Dalton  *  devised  an 
apparatus  for  the  determination  of  the  proportion  of  the  rainfall 
which  passed  off  from  the  soil  by  drainage,  and  by  evaporation, 
respectively.  It  consisted  of  a  cylinder,  10  inches  in  diameter, 
3  feet  deep,  open  at  the  top,  and  closed  at  the  bottom;  but 
having  one  small  exit  tube  near  the  top,  and  another  near  the 
bottom,  for  the  escape  of  water  into  bottles  placed  to  receive  it. 
The  vessel  was  filled  with  earth,  and  sunk  into  the  g^und  level 
with  the  surface,  one  side  being  left  exposed  for  access  to  the 
bottles.  He  continued  the  experiment  for  three  years,  1796-7-8, 
and  found  the  drainage  to  average,  over  that  period,  25  per  rent, 
and  the  evaporation  to  be,  therefore,  equal  to  75  per  cent  of  the 
rainfall.  This  was  exclusive  of  any  evaporation  of  dew,  but  in- 
clusive of  that  resulting  from  vegetation,  as  the  surface  of  the 
soil  became,  after  the  first  year,  covered  with  grass ;  a  circum- 
stance which,  however.  Dr.  Dalton  considered  immaterial. 

For  eight  years,  1836-1843,  Mr.  Dickinson,  of  Abbott's  Hill, 
King's  Langley,  Herts,t  experimented  with  a  modification  of 
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Dalton's  apparatus.  The  cylinder  he  employed  was  12  inches 
in  diameter,  and  3  feet  deep,  but  provided  at  that  depth  with  a 
perforated  bottom,  and  a  receptacle  beneath  for  the  collection  of 
the  water ;  and  there  was  an  arrangement  of  tubes  for  the  escape, 
and  measurement,  of  the  drainage  water.  Grass  was  grown  on 
the  surface  of  the  soil  in  the  cylinder.  The  drainage  would 
doubtless  be  more  free  in  the  experiments  of  Mr.  Dickinson  than 
in  those  of  Dr.  Dalton  ;  and  the  results,  over  8  years,  showed,  with 
a  less  rainfall,  a  larger  actual  amount  of  drainage ;  the  latter 
representing  42^  per  cent.,  and  the  evaporation,  therefore,  only 
57^  per  cent,  of  die  rainfall.  This  amount  included,  of  course, 
the  exhalation  due  to  vegetable  growth. 

From  results  obtained  by  gauging  the  flow  of  water  from  pipe- 
drains,  it  has  been  concluded  that  a  still  larger  proportion  of 
the  rainfall  passes  off  by  evaporation  than  that  indicated  by  the 
experiments  of  either  Mr.  Dickinson  or  Dr.  Dalton.  But  results 
obtained  by  deducting  the  amount  passing  through  drains  from  the 
total  rainfall  may  be  judged  to  be  quite  untrustworthy,  from 
the  fact  that,  before  the  pipe-drains  in  the  experimental  wheat  field 
had  passed  any  water  at  all  in  the  autumn  of  last  year,  the  drainr 
gauges  already  referred  to  had  indicated  that,  of  the  rain  which 
had  then  fallen  since  the  1st  of  September,  nearly  25  per  cent, 
had  passed  below  20  inches,  nearly  10  per  cent,  below  40  inches, 
and  nearly  4  per  cent,  below  60  inches  from  the  surface.  It  is 
clear,  therefore,  that  the  amount  of  water  passing  through  arti- 
ficial drains  may  be  no  measure  whatever  of  the  total  quantity 
passing  below  the  reach  of  the  roots  of  growing  crops.* 

In  the  admitted  defect  of  satisfactory  evidence  from  which 
may  be  deduced  the  probable  average  amount  of  evaporation 
from  the  surface  of  the  soil  independently  of  vegetation,  we  will 
assume,  by  way  of  illustration,  that,  taking  the  average  of  many 

*  It  was  not  until  after  this  Paper  went  to  press  for  the  Jownalf  that  we  recol- 
lected the  experiments  of  Maurice,  Gasparin,  and  Risler,  relating  to  this  subject, 
and  therefore  make  brief  reference  to  them  here.  M.  Maurice,  experimenting  at 
Geneva,  over  two  years,  1796  and  1797,  sought  to  measure  the  eyaporation  from 
the  soil  by  means  of  a  cylindrical  iron  vessel  filled  with  earth,  the  chanses  in  the 
weight  of  which  he  determined  daily  during  that  period.  His  results  indicated  an 
amount  of  evaporation  corresponding  to  about  61  per  cent  of  the  rainfall,  which 
latter  avera^ied  over  the  two  years  about  26  inches  per  annum.  ('  Bibl.  Britan.  de 
Gen^e:  Sciences  et  Arts,'  t.  i.)  M.  Gasparin,  experimenting  in  a  somewhat 
sfanilar  way  at  Orange,  in  the  south  of  Fiance,  found  the  evaporation  so  deter- 
mined to  amount,  in  the  two  yean  1821  and  1822,  to  about  80  per  cent,  of  a  rain- 
ftJl  of  about  28  inches  per  annum.  ('Cours  d' Agriculture,'  t  ii.  p.  116.) 
M.  Risler,  agab,  at  Calces,  near  Nyon,  Switzerland,  ^ganging  drains  1*2  metre 
(about  4  feet)  deep,  in  a  very  compact  and  impervious  subsoil,  estimated  the 
evaporation  over  the  two  years,  1867  and  1868,  to  amount  to  about  70  per  cent, 
of  a  rainfall  which  averaged  over  the  period  about  41  inches  per  annum.  The 
land  was  cropped,  as  usual,  during  the  period  of  the  experiment ;  so  that  the 
amonut  of  evaporation  indicated  includes  that  due  to  vegetable  growth.  ('  Archives 
des  Sciences  de  la  Biblioth^ue  UniverseUe,'  Sept.,  1869.) 
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soils  and  seasons,  three-fourths  of  a  total  rainfall  of  25  inches 
will  pass  off  by  the  combined  action  of  evaporation  from  the  sur- 
face of  the  soil  itself,  and  of  the  exhalation  due  to  the  growth  of 
a  ^ood  crop  of  hay  or  corn.  On  this  supposition  there  would 
still  remain  more  than  6  inches  of  rain,  equivalent  to  more  than 
600  tons  of  water  per  acre,  annually  passing  downwards,  and 
carrying  with  it  more  or  less  of  fertilising  matters. 

Fortunately,  some  of  the  most  important  mineral  constituents 
of  soils  and  manures  are,  in  the  case  of  the  heavier  soils  at  any 
rate,  almost  wholly  retained  by  them  within  the  range  of  the  roots 
of  our  crops.  Nitrogen,  whether  supplied  in  the  form  of  ammonia- 
salts  or  nitrates  is,  however,  much  less  completely  so  retained ; 
being,  in  whichever  state  supplied,  carried  off  in  greater  or  less 
quantity  in  the  drainage  water,  chiefly  in  the  form  of  nitrates. 
According  to  results  obtained  independently  by  Professor  Frank- 
land  and  Professor  Voelcker,  on  the  analysis  of  drainage  water 
from  the  experimental  wheat-field  at  Rothamsted,  that  col- 
lected during  the  winter,  from  land  manured  in  the  autumn  by 
an  amount  of  ammonia-salts  supplying  82  lbs.  of  nitrogen  per 
acre,  may  contain  from  2*5  to  3  parts,  or  even  more,  of  nitrc^^en, 
as  nitrates  and  nitrites,  per  100,000  parts  of  water.  Assuming 
that  only  2*5  parts  of  nitrogen  wefe  so  carried  beyond  the  reach 
of  roots  for  every  100,000  parts  of  water  passing  downwards, 
there  would  still  be,  for  every  inch  of  rain  so  passing,  a  loss  per 
acre  of  between  5  and  6  lbs.  of  nitrogen,  supplied  in  manure 
at  a  cost  of  not  much  less  than  1«.  per  lb. 

The  above  estimate  of  quantity  must  be  understood  to  be 
adopted  only  provisionally,  and  by  way  of  illustration.  It  is, 
however,  a  sufficiently  near  approximation  to  what  must  happen 
in  the  case  of  many  soils  and  seasons  at  any  rate,  to  show  the 
very  great  importance  of  further  investigating  the  reactions  of 
various  descriptions  of  nitrogenous  manure  on  different  descrip- 
tions of  soil,  and  of  determining  the  best  modes,  and  the  best 
periods  of  the  year,  for  the  application  of  such  manurial  matters, 
so  as  to  reduce  the  loss  by  drainage  to  a  minimum.  This  subject 
is  now  receiving  attention  at  Rothamsted. 


Bdhamsted,  January^  1871. 


Lundon :  Printed  by  William  Clowks  and  Son,  Stamford  Street, 
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Having  being  informed  by  Mr.  Berkeley  that  it  was  his  inten- 
tion to  make  some  observations  on  the  subject  of  "  Clover-sick- 
ness" at  the  Meeting  of  the  Scientific  Committee  to-day,  and 
having  been  requested  by  him  to  state  briefly  the  results  of  the 
attempts  made  at  Ilothamsted  to  grow  clover  more  frequently  on 
the  same  land  than  custom  recognizes  as  practicable,  I  have,  in 
conjunction  with  Mr.  Lawes,  drawn  up  a  summary  statement  of 
the  plan  and  results  of  the  experiments,  partly  in  the  form  of  a 
short  abstract  of  previously  published  accounts,  but  bringing  the 
record  up  to  the  present  date. 

Among  the  causes  which  have  been  assigned  for  clover-sickness 
may  be  mentioned  : — 

Exhaustion  of  the  soil. 

The  growth  of  parasitic  plants  which  strike  their  roots  into  the 
clover  and  exhaust  its  juices. 

Destruction  by  insects. 

The  injurious  influences  arising  from  the  matter  excreted  by 
the  roots  of  a  former  crop,  or  from  the  decay  of  the  roots  them- 
selves. 

The  growth  of  the  young  plant  under  the  shade  of  a  corn- 
crop. 

With  regard  to  the  last  supposition,  which,  in  a  letter  in  the 
**  Gardener's  Chronicle"  of  May  13th,  Mr.  Berkeley  seems  dis- 
posed to  adopt,  it  may  be  stated  that  during  the  period  of  twenty- 
three  seasons  over  which  our  experiments  on  the  subject  have 
now  extended,  clover  has  more  frequently  been  sown  alone  than 
with  a  corn-crop,  and  the  failures  have  been  as  signal  under  those 
as  under  the  usual  conditions. 

The  experiments  on  the  growth  of  clover  with  many  different 
descriptions  of  manure  were  commenced  in  1849,  and,  with  the 
occasional  interposition  of  a  corn-crop  or  fallow,  have  been  con- 
tinued up  to  the  present  time.  The  land  is  divided  into  three 
main  divisions,  each  of  which  comprises  a  series  of  six  plots. 
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Series  1. — The  plots  of  this  series  have  received  no  carbona- 
ceous, and  scarcely  any  nitrogenous  manure  since  the  commence- 
ment. On  the  other  hand,  some  of  them  have  received  much 
more  of  both  potass  and  sulphuric  acid,  and  more  phosphoric  acid, 
but  all  less,  and  generally  considerably  less,  lime  and  magnesia 
than  have  up  to  this  date  been  taken  off  in  the  crops. 

Series  2. — These  plots  have  all  received  a  considerable  amount  of 
both  carbonaceous  and  nitrogenous  manures,  supplying,  on  the 
average,  about  half,  but  in  some  cases  more  than  half,  as  much  of 
both  carbon  and  nitrogen  as  have  been  taken  off  in  the  crops. 
Of  potass  and  sulphuric  acid,  some  of  the  plots  have  received 
considerably  more,  of  phosphoric  acid  rather  more  or  not  much 
less,  of  lime  very  much  more,  but  of  magnesia  in  all  cases  less  than 
were  yielded  in  the  crops. 

Series  3. — The  plots  of  this  series  have  also  received  a  consi- 
derable quantity  of  both  carbon  and  nitrogen,  but  all  of  them  less 
than  those  of  series  2.  Some  of  them  have  received  more,  or  not 
much  less,  potass,  magnesia,  and  phosphoric  acid,  considerably 
more  sulphuric  acid,  and  very  much  more  lime  than  were  contained 
in  the  crops. 

These  very  summary  comparative  statements  relate  to  the 
whole  period  from  1849  up  to  the  present  time  ;  and  the  observa- 
tions which  follow  will  for  the  most  part  have  reference  to  th« 
.same  period.  But  it  should  be  observed  that  many  of  the  plots 
which  now  show  an  excess  of  removal  over  supply  of  certain 
constituents  did  not  do  so  at  the  time  of  the  first  failures.  It 
will  presently  be  seen  that  failure  commenced  after  growing  the 
crop  a  second  time  with  the  interposition  of  only  a  single  wheat- 
crop.  This  was  the  case  notwithstanding  that  at  that  time,  and 
even  later,  on  some  of  the  plots  more  of  all  constituents  (except- 
ing perhaps  carbon)  had  been  supplied  in  manure  than  taken  off 
in  the  crops.  It  was  obviously,  therefore,  not  merely  a  question 
of  supply  or  exhaustion,  using  the  terms  in  the  same  sense  as  we 
should  do  in  reference  to  wheat  or  barley,  for  example.  One 
object  of  the  plan  of  experimenting  followed  was,  therefore,  to 
give  time  for  the  proper  soil-digestion^  or  distribution  of  the  con- 
stituents already  directly  supplied,  or  which  might  otherwise 
exist  within  the  soil,  in  case  this  might  be  the  condition 
needed. 

As  with  other  leguminous  crops,  the  general  result  has  been 
that  mineral  constituents  applied  as  manures  (particularly  potass) 
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considerably  increased  the  early  crops ;  whereas  ammonia-salts 
had  little  or  no  beneficial  effect,  and  were  sometimes  injurious. 
It  may  be  added  that  even  up  to  the  present  time  the  beneficial 
effects  of  long  previous  applications  of  potass  are  apparent  when- 
ever there  is  any  growth  at  aU. 

To  go  into  a  little  more  detail :  The  crops  were  throughout  very 
heavy  in  the  first  year  (1849),  especially  on  the  plots  of  series  1, 
with  mineral,  but  with  no  c€U'bonaceous  or  nitrogenous  manure. 
In  the  autumn  of  that  year  wheat  was  sown,  and  in  the  spring 
of  1850  Red  Clover.     In  1851  small  cuttings  were  taken  ;  and  in 

1852,  though  the  crops  were  not  heavy,  there  was  by  no  means 
a  failure.  Since  that  time,  however,  all  attempts  to  grow  clover 
year  after  year  on  the  same  land  have  failed  to  give  anything 
like  a  full  crop,  or  a  plant  which  would  stand  the  usual  time  on 
the  ground.  Small  cuttings  were  obtained  in  the  autumns  of 
1855  and  1859  from  seed  sown  in  the  spring  of  those  years,  and 
small  cuttings,  but  rather  heavier  than  in  the  former  cases,  in 
1865  (June  and  August)  from  seed  sown  in  1864. 

On  the  plots  of  series  1,  seed  has  been  sown  ten  times  during 
the  twenty-three  yeara  of  the  experiment,  namely,  in  1848,  1850, 

1853,  1854,  1855,  1859,  1864,  1868,  1869,  and  1870.  In  seven 
out  of  the  last  eight  trials  the  plant  has  died  off  in  the  winter  or 
spring  succeeding  the  sowing  the  seed  ;  and  at  the  present  time 
the  land  is  again  ploughed  up,  the  plant  having  entirely  died  off 
in  the  spring,  now  three  years  in  succession.  The  plots  of  series 
2  and  3,  on  the  other  hand,  though  previously  sown  as  frequently 
as  those  of  series  1,  were  not  sown  in  either  1868  or  1869,  but 
were  ploughed  and  left  fallow,  and  only  sown  again  in  1870  ;  and 
they  carry,  at  the  present  time,  a  rather  thin,  but  fairly  healthy 
crop  ;  whilst,  as  already  said,  the  plants  from  the  seed  sown  at 
the  same  time  on  series  1  entirely  died  away  in  the  spring. 

The  difference  between  the  conditions  of  the  plots  of  series  1, 
resulting  at  the  present  time  in  entire  failure,  and  those  of  series 
2  and  3,  affording  at  least  comparative  success,  may  be  briefly 
summarized  as  follows  : — 

In  the  first  place,  in  the  cases  of  the  utter  failure,  seed  was 
sown,  and  plants  came  up,  in  1868  and  1869,  as  well  as  in  1870, 
that  is  in  three  consecutive  seasons  ;  whereas  in  those  of  the 
partial  success  none  was  sown  between  1864  and  1870. 

So  far  as  regards  manure,  the  chief  distinctions  are — that 
where  there  is  entire  failure,  neither  carbon  nor  nitrogen  has 
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been  supplied  in  manure  ;  but  where  there  is  partial  success  both 
have  been  supplied,  but  neither  of  them  in  amount  equal  to  that 
of  their  removal  in  the  crops.  With  regard  to  mineral  consti- 
tuents, the  conditions  of  series  1,  resulting  in  failure,  are — a 
considerable  excess  of  supply  of  both  potass  and  sulphuric  acid, 
and  a  considerably  greater  excess  of  both  than  on  either  series  2 
or  series  3 ;  no  essential  difference  as  to  phosphoric  acid  ;  a 
greater  deficiency  of  magnesia  than  in  either  series  2  or  series  3  ; 
and  lastly,  a  considerable  loss  of  lime,  whereas  on  the  plots 
of  series  2  and  3,  very  much  more  lime  has  been  supplied  in 
manure  than  taken  off  in  the  crops. 

It  would  appear,  therefore,  that  if  the  failure  on  series  1, 
compared  with  series  2  and  3,  be  due  to  the  greater  exhaustion 
of  certain  constituents,  it  must  be  of  either  carbon,  nitrogen, 
magnesia,  or  lime.  On  this  point  it  may  be  mentioned  that  the 
excess  of  carbon  removed  in  the  crops,  over  that  supplied  in  the 
manure,  has  been  in  no  case  nearly  approaching  that  which 
may  take  place  with  impunity  in  the  case  of  either  wheat 
or  barley.  On  the  other  hand,  the  average  annual  removal  of 
nitrogen  has  been  considerably  greater  on  all  the  plots  of  series  1, 
but  generally  less  on  those  of  series  2  and  3,  than  happens  with 
either  wheat  or  barley  grown  without  nitrogenous  manure ;  it 
has,  however,  been  considerably  less  than  in  experiments  on  the 
mixed  herbage  of  grass-land  where  no  nitrogenous  manure  has 
been  employed. 

Again,  taking  of  course  the  whole  period,  the  exhaustion  of 
magnesia  has  been  generally  greater,  and  that  of  lime  consider- 
ably greater,  than  has  occurred  in  the  experiments  on  the  con- 
tinuous growth  of  wheat  or  barley.  So  far,  then,  as  the  result 
depends  on  mere  amount,  rather  than  on  condition  or  distribu- 
tion of  constituents,  it  would  appear  to  be  connected  with  a 
deficiency  of  nitrogen,  of  magnesia,  or  of  lime,  or  of  more  than 
one  of  them. 

Having  regard  to  the  question  of  the  condition  and  distri- 
bution of  the  constituents,  in  1864  a  portion  of  the  land  of 
series  1  was  trenched  2  feet  deep,  one  third  of  the  manure  being 
mixed  with  the  layer  from  24  to  16  inches,  one  third  from  16  to 
8  inches,  and  the  remainder  from  8  inches  upwards.  Super- 
phosphate of  lime,  and  salts  of  potass,  soda  and  magnesia,  the 
first  two  in  very  large  quantity,  were  used  ;  and  nitrate  of  soda, 
which  is  a  much  more  favourable  form  of  application  of  nitrogen 
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for  leguminous  crops  than  ammonia-saltfl,  and  which  distributes 
more  rapidly,  was  also  liberally  applied.  Owing  to  the  cha- 
racter of  the  season,  the  mechanical  condition  of  the  land  was 
very  unfavourable  after  this  treatment ;  and,  although  many  years 
have  now  elapsed,  and  the  excess  of  constituents  supplied  is  in 
some  cases  considerable,  the  plant  has  died  off  as  completely  on 
the  plots  so  treated  as  elsewhere. 

In  view  of  these  failures  in  the  field,  it  is  a  fact  of  much  in- 
terest that  in  1854  Red  Clover  was  sown  in  a  garden  only  a  few 
hundred  yards  distant  from  the  experimental  field,  on  soil  which 
has  been  under  ordinary  garden-cultivation  for  probably  two  or 
three  centuries,  and  it  has  every  year  since  shown  veiy  luxuriant 
growth  ;  and  after  resowing  four  times,  namely,  in  1860,  1865, 

1868,  and  1870,  during  that  period,  there  is  at  the  present  time 
not  only  no  indication  of  failure,  but,  on  the  contrary,  very  luxu- 
riant growth.  It  may  be  added,  by  way  of  illustration  merely, 
that  if  the  produce  on  these  small  garden  plots  be  calculated  to 
the  acre,  it  would  represent  a  removal  in  seventeen  years,  at  the 
rate  of  more  than  1^  ton  of  lime,  nearly  ^  ton  of  magnesia, 
more  than  a  ton  of  potass,  nearly  ^  ton  of  phosphoric  acid,  and 
about  1^  ton  of  nitrogen  per  acre,  without  the  supply  of  any  of 
either  during  the  period  of  the  experiment. 

Lastly,  in  the  winter  of  1867-68,  smaU  portions  of  the  land  of 
series  1  were  dug,  some  to  the  depth  of  9  inches,  some  to  the 
depth  oE  18,  some  to  the  depth  of  27,  and  some  to  the  depth  of 
36  inches,  and  sown  to  the  respective  depths  with  different  ma- 
nurial  mixtures  ;  supplying  in  some  cases  very  large  amounts  of 
potass,  soda,  lime,  magnesia,  phosphoric  acid,  sulphuric  acid, 
nitrate  of  soda,  <bc.  From  other  similarly  sized  plots,  the  soil  was 
removed  to  the  depth  of  9,  18,  and  27  inches  respectively,  and 
replaced  by  soil  from  the  same  depths  from  the  garden  border,  on 
a  portion  of  which  clover  had  been  grown  successfully  since  1854, 
as  above  referred  to.  In  April  1868,  clover  was  sown  over  the 
whole  of  these  small  plots,  as  well  as  over  the  rest  of  the  land  of 
series  1  not  so  treated  ;  but  the  plant  for  the  most  part  died  off 
during  the  winter.     The  same  portions  were  resown  in  April 

1869,  and  small  quantities  of  clover  were  cut  in  September  of 
that  year  ;  but  the  plant  again  died  off  in  the  winter.     In  April 

1870,  clover  was  again  sown,  this  time  in   conjunction  with 
harley  ;  but  the  plant  again  died  off  during  the  past  winter  and 

arly  spring.     This  result  should  not,  however,  at  present  be 
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taken  as  absolute  proof  of  failure  of  the  inanurial  conditions 
supplied  on  the  various  small  plots;  for,  not  only  vas  the 
summer  of  1870  one  of  extraordinary  drought,  but  where  the 
manures  were  applied  at  the  different  depths  specified,  the  land 
may  not  yet  have  recovered  a  favourable  mechanical  condition, 
and  where  the  natural  soil  was  replaced  by  that  from  the  garden 
border,  the  plants,  being  luxuriant  compared  with  any  around 
them,  were  more  a  prey  to  woodpigeons,  rabbits,  and  game. 
The  whole  of  these  small  plots  are  now  resown,  and  those  of 
the  garden-soil  are  entirely  enclosed,  both  around  and  above,  by 
galvanized  wire  netting. 

The  general  result  of  the  experiments  in  the  field  is — that 
neither  organic  matter  rich  in  carbon  as  well  as  other  consti- 
tuents, nor  ammonia-salts,  nor  nitrate  of  soda,  nor  mineral  con- 
stituents, nor  a  complex  mixture,  supplied  as  manure,  whether 
at  the  surface  or  at  a  considerable  depth,  has  hitherto  availed 
to  restore  the  clover-yielding  capabilities  of  the  land. 

On  the  other  hand,  it  is  clear  that  the  garden-soil  supplied  the 
conditions  under  which  clover  can  be  grown  year  after  year  on 
the  same  ground  for  many  years  in  succession. 

The  results  obtained  on  the  garden-soil  seem  to  show  that 
what  is  called  '*  clover-sickness "  cannot  be  due  to  the  injurious 
influence  of  excreted  matters  upon  the  immediately  succeeding 
crop. 

That  the  clover  crop  frequently  fails  coincidently  with  injury 
from  parasitic  plants,  or  insects,  cannot  be  disputed  ;  but  it  may 
be  doubted  whether  such  injury  should  be  reckoned  as  the  cause, 
or  merely  the  concomitant  and  an  aggravation  of  the  failing 
condition. 

If,  then,  it  be  decided  that  the  cause  of  failure  is  not  destruction 
by  parasitic  plants  or  insects,  nor  injury  from  excreted  matters,  nor 
the  shade  of  a  corn-crop,  and  that  it  is  to  be  looked  for  in  ex- 
haustion of  the  soil,  there  will  still  remain  several  open  ques- 
tions. Is  it  exhaustion  of  certain  organic  mattera  rich  in  carbon, 
of  nlt^x>genous  food,  or  of  mineral  constituents?  Again,  is 
there  an  actual  exhaustion  of  the  substances  in  question,  or  only  an 
unfavourable  condition  of  combination,  or,  so  to  speak,  of  aoU- 
digestion  of  them,  for  the  accumulative  and  assimilative  require- 
ments of  leguminous  plants  t  Or,  is  there  only  an  unfavour- 
able distribution  of  them  within  the  soil,  considered  in  rela- 
tion to  the  extent  and  character  of  the  root-range  of  the  crops  ? 
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These  yarious  points  cannot  be  considered  in  detail  within 
our  present  limits  ;  but  a  few  brief  observations  may  be  made  in 
reference  to  them  by  way  of  explanation  and  suggestion. 

The  results  obtained  on  the  garden-soil  are,  of  course,  con- 
sistent with  the  supposition  that  there  was  in  the  field-soil  a  want  of 
some  of  the  ultimate  elements  of  the  crop.  They  are  also  con- 
sistent with  the  assumption  that  it  is  not  merely  requisite  that 
the  constituents  should  be  present  in  the  state  of  combination 
and  of  distribution  available  for  other  descriptions  of  crop,  but 
that  it  is  essential  for  the  healthy  development  of  the  clover- 
plant,  that  the  constituents  should  have  undergone  a  certain 
digestion,  so  to  speak,  within  the  soil ;  or  that  certain  consti- 
tuents should  have  become  more  distributed  than  is  necessary 
for  the  cereal  crops.  On  either  supposition  the  result  may  be 
dependent  on  the  proper  supply  of  carbon,  of  nitrogen,  or  <rf 
mineral  constituents.  Thus,  in  garden-s<Ml,  liberally  dunged  for 
centuries,  there  would  be  a  great  accumulation  of  all  constituents. 
A  large  amount  of  both  carbon  and  nitrogen  compounds  would 
have  undergone  considerable,  if  not  as  complete  change  as  could 
take  place  within  the  soil ;  and  their  products,  as  well  as  mineral 
constituents,  would  be  widely  distributed. 

Although,  taking  the  whole  period,  carbon  has  been  removed 
in  the  crops  from  all  the  plots  in  larger  quantities  than  it  has 
been  supplied  to  them  in  manure,  experience  with  other  descrip- 
tions of  crop  would  not  lead  to  the  supposition  that  the  fiiilure 
could  be  due  to  a  deficiency  of  that  constituent  provided  it  were 
taken  up  by  the  Leguminosse  exclusively  as  carbonic  acid,  yielded 
by  the  atmosphere,  or  by  the  decomposition  of  organic  matter 
within  the  soil.  If,  however,  it  were  the  case  that  some  plants, 
clover,  for  example,  required  for  healthy  development  at  certain 
stages  of  their  growth  a  portion  of  their  carbon  to  be  presented 
them  in  other  compounds — organic  acids  more  complex  than 
carbonic  acid,  in  combination,  it  may  be,  with  ammonia,  or  with 
fixed  bases — we  could  then  easily  understand  that,  under  ordi- 
nary circumstances,  a  certain  period  of  time  might  be  requisite 
for  the  formation  and  accumulation  of  a  sufficient  amount  of  the 
compounds  in  question.  It  would  also  be  intelligible  that  there 
should  be  a  great  accumulation  of  such  compounds  in  the  soil 
where  dung  had  been  liberally  used  for  centuries.  A  fact  of 
another  kind,  which  is  at  any  rate  consistent  with  the  view  here 
assumed,  is,  that  the  ashes  of  the  Leguminosse  we  cultivate  con- 
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tain  a  large  proportion  of  carbonate  indicating,  possibly,  that 
the  fixed  bases  had  been  taken  up  in  combination  with  a  com- 
bustible organic  acid  Again,  another  fact  in  accordance  with 
the  view  is,  that  although  a  Leguminous  crop  assimilates  two, 
three,  or  more  times  as  much  nitrogen  over  a  given  area  as  a 
Graminaceous  one,  the  direct  application  of  ammonia-salts,  so 
ed'ective  with  the  latter,  is  more  frequently  injurious  than  bene- 
ticial  to  the  former  within  the  season  of  their  employment ; 
though,  after  some  time  has  elaps^,  some  beneficial  effects  can 
be  observed,  apparently  due  to  the  previous  supplies.  An  obvi- 
ously possible  explanation  of  this  is,  that  orgauic  acid  salts  of 
ammonia  have  been  formed. 

On  the  other  hand,  nitrate  of  sodu,  though  not  a  reliable 
manure  for  Leguminous  crops,  as  it  and  ammonia-salts  are  for  the 
Graminacese,  is  certcdnly  much  more  beneficial  to  them  than  are 
ammonia- salts  ;  and,  it  may  be,  that  it  is  not  until  the  ammonia 
has  in  great  part  been  converted  into  nitric  acid,  and  the  result- 
ing nitrates  become  widely  distributed  throughout  the  pores  of 
the  soil  and  subsoil,  that  the  Leguminous  plant  attains  suffi- 
ciently active  and  vigorous  growth,  and  acquires  sufficient  posses- 
sion of  the  soil,  to  render  it  independent  of  its  many  enemies — 
whether  in  the  form  of  animal  or  vegetable  parasites,  or  of  cli- 
matic vicissitudes  which  slacken  its  vitality,  and  render  it  an 
easier  prey  to  its  animal  or  vegetable  enemies. 

On  the  supposition  that  the  favourable  condition  of  the 
nitrogen  is  that  of  ammonia  in  combination  with  an  organic  acid, 
we  have  to  conclude  that  that  condition,  even  if  favourable,  is  at 
any  rat«  not  essential  for  the  Graminaceous  crop,  or  that  the 
distribution  of  the  compounds  in  question  is  such  as  to  render 
them  not  so  readily  available  for  the  Graminaceous  as  for  the 
Leguminous  plants.  Supposing,  however,  that  the  required  con- 
dition be  the  oxidation  of  the  ammonia  and  the  wider  distribu- 
tion of  the  nitrogen  in  the  form  of  nitrates  than  would  take 
place  so  long  as  it  remained  as  ammonia,  that  portion  of  the 
nitrogen  which  is  supplied  in  manure  for  the  Graminacese,  and 
which,  owing  either  to  unfavourable  combination,  or  unfavour- 
able distribution,  within  the  soil,  is  not  recovered  in  the  increase 
of  the  immediate  crop,  becomes  gradually  oxidated  and  more 
widely  distributed,  and  the  Leguminous  crop,  alternating  with 
the  Graminaceous  one,  and  gathering  from  a  more  extended  or 
different  range  of  soil,  in  its  turn  leaves  a  residue,  or  allows  the 
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accuinulatiou,  of  assimilable  nitrogen  within  the  range  of  collec- 
tion of  the  crops  which  succeed  it.  On  this  view,  not  only  does 
the  growth  of  the  Leguminous  crop  serve  to  arrest  the  loss  of 
nitrogen  by  drainage  as  nitric  acid,  by  bringing  up  again  much  of 
that  which  nad  passed  in  that  condition  into  the  lower  layers  of 
r.he  soil ;  but  there  is  obviously  provided  one  important  element 
at  least  in  the  explanation  of  the  beneficial  effects  of  alternating 
Leguminous  with  Graminaceous  crops  in  rotation. 

Again,  the  nitric  acid  would,  most  probably  in  great  part,  be  in 
combination  with  lime,  which  is  the  base  occurring  in  large  pro- 
portion in  the  ash  of  our  Leguminous  crops ;  and  supposing 
nitrogen  were  taken  up  by  the  plants  as  nitric  acid,  chiefly  in 
combination  with  lime,  but  partly  with  potass  or  other  bases,  we 
should,  in  that  fact,  have  an  element  in  the  explanation  of  the 
occurrence  in  the  ashes  of  the  Leguminosas  of  so  much  fixed 
base,  and  especially  of  lime,  not  in  combination  with  a  fixed 
acid  ;  and  we  should,  so  far,  to  a  less  extent  require  the  aid  of  the 
assumption  that  the  bases  in  question  hsd  been  taken  up  from 
the  soil  as  ready- formed  organic  acid  salts. 

The  above  considerations  are  of  interest  not  only  with  refer- 
ence to  the  results  obtained  in  the  highly  manured  garden-soil, 
but  also  in  connexion  with  the  facts  of  the  entire  failure  in  the 
field  at  the  present  time  where  neither  carbonaceous  nor  nitro- 
genous manures  have  been  supplied,  and  lime  has  been  the  most 
exhausted,  and  of  the  partial  success  where  carbonaceous  and 
nitrogenous  manures  have  been  to  a  considerable  extent  supplied, 
and  lime  has  been  added  in  great  excess. 

It  is  obvious  that  the  time  that  would  serve  for  the  formation 
and  distribution  of  the  organic  acid  salts,  or  of  the  nitrates, 
would  also  serve  for  the  soil-digestion,  and  distribution,  of  mineral 
constituents. 

To  conclude,  in  regard  to  the  conditions  of  failure  and  partial 
success  in  the  field  at  the  present  time,  it  may  be  remarked  that 
on  some  portions  of  the  land  where  there  is  the  complete  failure, 
considerably  more  of  those  mineral  constituents  which  most  cha- 
racteristically increase  the  growth  of  a  healthy  clover  crop  in  tlic 
land  in  question,  have  been  supplied  than  taken  off  in  the  crops. 

This  has  not,  however,  been  the  case  with  the  nitrogen  on  any 
portion  of  the  experimental  land  ;  though,  as  already  said,  the 
exhaustion  of  it  has  nowhere  been  so  great  as  in  experiments 
on  mixed  herbage,  including  perennial  Leguminous  species.     On 
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the  other  hand,  where  there  is  at  the  present  time  a  fairly 
healthy,  but  only  small  crop  growing,  the  application  of  those 
mineral  constituents  which  most  increase  a  healthy  plant  has 
been  considerably  less,  but  that  of  nitrogen  has  been  greater 
than  where  there  is  the  total  failure.  Nevertheless,  on  the  por- 
tions where  there  has  been  the  most  liberal  supply  of  those  mineral 
constituents — potass,  for  example — there  is  at  the  present  time 
considerably  more  growth  than  where  there  has  been  no  such 
supply. 

Lastly,  in  regard  to  tue  attempts  made  to  supply  the  fer- 
tilizing matters  at  a  considerable  depth  below  the  surface,  it  is 
admitted  that,  for  a  time  at  least,  the  resulting  physical  condition 
of  the  soil  and  subsoil  was  not  satisfactory  ;  though,  even  at 
present,  indications  are  wanting  that  beneficial  effects  may  even- 
tually follow. 

This  brief  record  of  many  failures  may  be  concluded  by  a  quo- 
tation from  a  paper  on  the  subject  published  by  Mr.  Lawes  and 
myself  some  years  ago  :^— 

"  When  land  is  not  what  is  called  *  clover-sick,*  the  crop  of 

■ 

clover  may  frequently  be  increased  by  top-dressings  of  manure 
containing  potass  and  superphosphate  of  lime ;  but  the  high 
price  of  salts  of  potass,  and  the  uncertainty  of  the  action 
of  manures  upon  the  crop,  render  the  application  of  artificial 
manures  for  clover  a  practice  of  doubtful  economy. 

"When  the  land  is  what  is  called  *  clover-sick,'  none  of  the 
ordinary  manures,  whether  *  artificial '  or  natural,  can  be  relied 
upon  to  secure  a  crop. 

"  So  far  as  our  present  knowledge  goes,  the  only  means  of  in- 
suring a  good  crop  of  Red  Glover  is  to  allow  some  years  to  elapse 
before  repeating  the  crop  upon  the  same  land.'' 
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In  volumes  yiii.  xii.  and  xvi.  of  the  first  series  of  the  *  Journal 
of  the  Royal  Agricultural  Society  of  England/  we  gave  some 
account  of  experiments  on  the  growth  of  Wheat  year  after  year 
on  the  same  land;  in  volume  xxv.  (1864),  we  published  a 
detailed  Report  on  the  growth  of  the  crop,  without  manure, 
and  with  different  descriptions  of  manure,  for  twenty  years  in 
succession  on  the  same  land ;  and  the  twenty-ninth  crop  has  now 
been  harvested.  In  volume  xviii.  (1857),  results  on  the  growth 
of  Barley,  under  somewhat  similar  conditions  of  manuring,  for 
six  years  in  succession  on  the  same  land,  were  given.  Those 
experiments  have  been  continued  up  to  the  present  time,  and  are  ' 
still  in  progress ;  and  we  are  now  enabled  to  record  the  results 
obtained  with  barley,  as  already  with  wheat,  over  twenty  con- 
secutive seasons. 

Barley  is,  at  any  rate  through  the  greater  part  of  England,  if 
not  throughout  Scotland  and  Ireland,  the  second  in  importance  of 
the  cereal  grains  we  cultivate ;  in  some  localities,  indeed,  it  is  of 
first  importance.  It  is  a  prominent  element  in  the  well-known 
four-course  rotation,  and  is  more  orJess  prominent  in  almost  every 
rotation  throughout  the  greater  part  of  the  British  Isles.  More- 
over, it  is  supposed  that  the  characters  and  the  condition  of  land 
under  which  it  can  be  advantageously  cultivated  are  greatly 
limited,  and  that  its  market  value  is  much  influenced,  by  certain 
fiscal  arrangements.  From  various  points  of  view,  therefore, 
exact  knowledge  of  the  quantity  and  quality  of  the  produce  it 
yields,  on  a  soil  of  a  given  description,  but  under  a  great  variety 
of  well-defined  conditions  as  to  manuring,  and  in  seasons  of  very 
various  characters,  cannot  fail  to  be  of  great  practical  interest. 

The  conditions  of  growth  of  barley,  are,  in  some  respects,  very 
similar  to  those  of  wheat ;  but  in  others  they  are  very  different. 
Thus,  as  a  rule,  wheat  is  sown  in  the  autumn,  but  barley  not 
until  the  spring ;  and  it  has,  therefore,  much  less  time  for  the 
distribution  of  its  roots,  and  for  getting  possession  of  the  stores 
within  the  soil.  Again,  the  descriptions  of  soil  which  are  the 
most  suitable  for  the  growth  of  wheat,  are  generally  not  equally 
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well  adapted  for  tbe  growth  of  barley.  Hence,  apart  from  llie 
importance  attaching  to  the  barley-crop  as  a  prominent  and  inde- 
pendent element  in  most  of  our  rotations,  the  question  of  the 
degree  in  which  the  requirements  and  results  of  its  growth  arc 
similar  to,  or  different  from,  those  of  its  botanical  ally — wheat 
(^both  belonging  to  the  same  natural  family,  the  GratntnacecB)^  is 
one  of  very  considerable  interest,  both  practical  and  scientific. 

Little  less  interesting  would  it  be,  not  only  to  compare  the 
results  obtained  with  winter-sown  wheat  and  spring-sown  barley, 
but  to  include  in  the  comparison  the  likewise  spring-sown  oats, 
the  third  in  importance  among  the  corn-yielding  plants  of  the 
graminaceous  family  cultivated  in  temperate  climates.  But  the 
experiments  on  the  continuous  growth  of  oats  have,  as  yet,  only 
extended  over  a  very  few  seasons ;  so  that  at  present  we  can  only 
incidentally  and  imperfectly  make  reference  to  them.  There  is, 
however,  already  sufficient  indication  that  the  results  will,  in  due 
time,  have  considerable,  both  independent  and  comparative,  value. 

The  first  experimental  wheat-crop,  in  the  field  in  which  the 
30th  in  succession  is  now  growing,  was  harvested  in  1844  ;  and, 
in  the  spring  of  1845,  about  10  acres,  in  an  immediately  adjoining 
field,  were  appropriated  to  somewhat  similar  experiments  on 
barley.  Owing,  however,  to  the  great  amount  of  labour  and 
attention  that  would  be  required  in  following  them  up  with 
sufficient  accuracy  and  detail,  it  was  decided  to  rest  satisfied  for 
a  time  with  the  first  year's  clear  indications.  These  were  suf- 
ficient to  show  tbe  great  similarity,  in  some  impoitant  respects, 
between  the  requirements  and  the  conditions  of  growth  of  the 
two  closely  allied  crops.  But  very  much  still  remained  to  be 
learnt,  and  especially  in  regard  to  the  equally  important  distinc- 
tions between  the  requirements  of  the  two  crops. 

Much  also  was  still  wanting  in  the  way  of  direct  experimental 
evidence  bearing  upon  the  then  opening  "  Mineral  Theory  "  con- 
troversy ;  respecting  the  issues  of  which  very  few  English  agri- 
cultural readers  are  not,  by  this  time,  overwhelmingly  satisfied. 
Indeed,  the  universal  practical  experience  of  British  agriculture 
during  the  last  quarter  of  a  century  of  experiment,  discussion, 
and  general  improvement,  has  entirely  confirmed  the  views  we 
have  held  on  the  subject,  and  published  in  the  *  Journal ;'  whilst, 
our  distinguished  opponent  has  not  only  sought  to  associate  with 
the  term  ^^  Mineral  Theory,"  a  meaning  totally  different  from  that 
which  attached  to  it  in  the  well-known  controversy,  but,  under 
cover  of  a  change  of  nomenclature,  has  claimed,  as  consistent 
with  his  own  theory,  views  directly  at  variance  with  those  he 
formerly  maintained,  and  in  the  main  accordant  with  the  facts 
and  conclusions  which  we  have  brought  forward  in  opposition  to 
the  distinctive  views  of  his  earlier  writings.  Some  illustrations 
bearing  upon  these  points  will  be  incidentally  given  further  on  ; 
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bui  considering  how  settled  are  the  opinions  now  generally  held  on 
the  subject  in  this  country,  and  how  changed  are  those  of  the  author 
of  the  *'  Mineral  Theory,"  it  would  be  out  of  place  to  devote  so 
much  of  either  time  or  space  to  its  discussion  in  our  introductory 
remarks  as  has  been  suitable  on  former  occasions.  Still  less  will 
it  be  necessary  to  discuss  the  results  obtained  with  barley  very 
prominently  in  their  relation  to  the  points  that  were  in  contro- 
versy in  the  early  years  of  the  progress  of  the  experiments. 

The  experiments  on  barley  were  re-commenced  in  1852,  and 
the  twentieth  crop  in  succession  was  harvested  in  1871.  The  land 
selected  was  a  portion  of  that  immediately  adjoining  the  experi- 
mental wheat  field,  on  which  the  preliminary  trials  in  1845  had 
been  made.  About  4^  of  the  10  acres  were  devoted  to  the  pur- 
pose. The  general  character  of  the  land  is  much  the  same  as 
that  of  the  wheat  field,  namely,  *^  a  somewhat  heavy  loam,  with  a 
subsoil  of  raw,  yellowish  red  clay,  but  resting  in  its  turn  upon 
chalk,  which  provides  good  natural  drainage."  The  wheat  field 
has,  however,  as  a  matter  of  experiment,  been  artificially  drained, 
but  the  barley  field  has  not 

The  custom  of  the  locality,  in  the  case  of  land  of  similar  quality, 
is  to  take  the  barley  cr6p  after  roots  fed  off  by  sheep.  But  it  will 
be  readily  understood  from  the  above  description  of  the  soil,  that 
it  is  too  heavy  for  this  to  be  done  with  advantage  in  wet  seasons. 
Nevertheless,  good  crops,  both  in  point  of  quantity  and  quality, 
are  so  grown,  on  such  land,  in  favourable  seasons,  and  may,  as  a 
rule,  be  relied  upon  when  barley  is  taken,  not  after  folding,  but 
after  another  com  crop. 

The  questions  to  be  solved  by  the  experiments  on  barley  may 
be  stated  in  the  same  terms  as  were  employed  in  introducing  the 
Report  of  the  results  obtained  with  wheat : — "  What  are  the  grain- 
yielding  capabilities  of  such  land  ? — what  its  powers  of  endur- 
ance?— in  what  constituents,  or  class  of  constituents,  does  it 
soonest  show  signs  of  exhaustion  ? — and  how  far  will  the  answers 
arrived  at  on  these  points  in  reference  to  it,  accord  with,  or  be  a 
guide  to,  those  which  would  apply  to  any  large  proportion  of  the 
arable  land  of  Great  Britain  when  farmed  in  the  ordinary  way, 
with  rotation  ?  " 

The  Field  Experiments  on  Bablet. 

The  previous  cropping  of  the  land  set  apart  in  1852  for  the 
continuous  growth  of  barley  was  as  under  :— 

1847,  Swedish  turnips,  with  farmyard  manure  and  super- 
phosphate (the  roots  carted  off). 

1848,  Bariey. 

1849,  Clover. 

1850,  Wheat. 

1851,  Barley,  with  sulphate  of  ammoniet. 
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It  bad  thus  already  grown  two  com  crops  in  succession,  and 
was,  therefore,  agriculturally  speaking,  in  a  somewhat  exhausted 
condition  for  the  after-growth  of  grain,  and  would,  in  the  course 
of  ordinary  practice,  be  re-manured  before  growing  another  crop. 
It  was,  therefore,  in  a  suitable  state  for  testing  the  effects  of 
different  manures  upon  the  crop,  and  for  showing,  by  the  results,  in 
what  constituents,  or  class  of  constituents,  the  soil  had,  by  the 
previous  cropping,  become  practically  the  most  deficient 

The  area  of  4^  acres  was  divided  into  24  nearly  square  plots  ; 
most  of  which  were  exactly  one-fifth  of  an  acre  each,  but  the 
remainder  somewhat  less.  Two  plots  were  left  unmanured  ;  one 
was  manured  every  year  with  farmyard-manure ;  and  others  with 
different  manures,  which,  respectively,  supplied  certain  con^ 
stituents  of  farmyard  manure,  separately  or  in  combination. 

We  here  repeat,  in  answer  to  objections  recently  reiterated 
(this  time  in  Germany),  that  we  believe  comparative  results 
obtained  by  growing  crops  year  after  year  on  the  same  land, 
without  manure,  and  with  different  manurial  constituents^  singly 
and  in  admixture,  are  far  better  calculated  to  indicate  in  what 
constituent,  or  constituents,  the  soil  is  relatively  deficient,  so  far  as 
the  available  supply  for  the  crop  to  be  grown  is  concerned,  than 
what  is  generally  understood  as  an  analysis  of  the  soil.  On  this 
point  it  may  be  well  to  quote  a  paragraph  from  our  paper  on  the 
growth  of  Wheat  for  twenty  years  in  succession  on  the  same  land : — 

^*  Our  conclusion,  as  indicated  in  former  papers,  and  frequently 
expressed  in  answer  to  the  objections  of  chemical  friends  who  had 
not  paid  special  attention  to  the  applications  of  chemistry  to  agri- 
culture, was,  that  far  more  had  yet  to  be  done  in  determining 
the  chemical  and  physical  qualities  of  soils  in  relation  to  the 
atmosphere,  and  to  manurial  substances  exposed  to  their  action, 
as  well  as  in  perfecting  methods  of  analysis,  before  comparative 
analyses  could  aid  us  much  in  deciding  upon  the  relative  produc- 
tiveness of  different  soils,  to  say  nothing  of  the  still  more  difficult 
problem  of  estimating,  by  such  means,  the  condition  of  fertility 
or  exhaustion  of  one  and  the  same  soil  at  different  times.  Of 
late  years  very  much  has  been  done  in  these  departments  of 
investigation ;  still,  as  recent  discussions  abundantly  show,  far 
too  little  is  even  yet  known  of  what  a  soil  either  is  or  ought  to  be, 
in  a  chemical  point  of  view,  to  render  the  results  of  the  analysis 
of  soils  directly  applicable  to  the  solution  of  questions  such  as 
those  we  had  in  view  in  our  inquiry.  But  if  our  knowledge  of 
the  chemistry  of  soils  should  progress  as  rapidly  as  it  has  during 
the  last  twenty  years,  the  analysis  of  a  soil  will  ere  long  become 
much  more  significant  than  it  is  at  present"  ('  Journal  of  the 
Royal  Agricultural  Society  of  England,'  vol.  xxv.  p.  98.) 

In  accordance  with  the  views  here  indicated,  we  have  from 
time  to  time,  from  1846  up  to  1870,  taken  samples  of  the  soils 
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and  subsoils  of  our  different  experimental  plots,  until  the  collec- 
tion now  comprises  about  300  specimens.  In  a  large  proportion  of 
these  the  nitrogen,  and  in  some  the  carbon,  has  been  determined. 
Some  have  been  experimented  upon  at  Rothamsted  in  other  ways, 
and  some  at  Munich  by  Baron  Liebig^s  son,  Hermann  von  Liebig, 
who  requested  to  have  samples  for  examination ;  and  the  whole 
are  carefully  prepared  and  preserved,  with  a  view  to  more  com- 
plete investigation  whenever  time  will  permit.  Reference  will 
be  made  further  on  to  some  of  the  results  that  have  been  obtained. 
It  is,  then,  not  the  chemical  examination  of  soils  on  a  systematic 
plan,  and  by  methods  carefully  arranged  and  well  adapted  for 
the  solution  of  specific  questions,  that  we  htive  regarded  as  unim- 
portant; but  it  is  the  mere  determination,  in  accordance  with 
antiquated  theoretical  ideas,  of  the  ultimate  percentage  compo- 
sition of  a  soil,  without  due  regard  to  the  condition  in  which  the 
constituents  exist,  and  by  methods  which  do  not  give  sufficiently 
accurate  or  comparative  results,  that  we  have  considered  of  little 
value.  In  the  mean  time  let  us  see  whether  the  synthetic,  as  dis- 
tinguished from  the  analytic  method  of  enquiry,  will  not  give  as 
important  and  conclusive  evidence  as  to  the  conditions  and  re- 
quirements of  growth  of  barley,  as  it  has  done  in  regard  to  other 
crops. 

General  Description  of  the  Manures  employed. 

It  has  already  been  said  that  the  selection  of  manures  for  the 
experiments  on  barley  was,  in  many  respects,  the  same  as  that 
adopted  for  those  on  wheat  In  reference  to  this  point  it  may  be 
useful,  by  way  of  illustration,  to  show  the  probable  average 
amounts  of  certain  constituents  in  what  may  be  taken  as  fairly 
corresponding  crops  of  wheat  and  barley.  For  this  purpose  we 
will  assume  a  produce  per  acre  of — 

Wheat,  30  bushels,  of  60  lbs.  per  bushel  =  1800  lbs.,  and 
3000  lbs.  straw,  =  4800  lbs.  total  produce  ; 

Barley,  40  bushels,  of  52  lbs.  per  bushel  =  2080  lbs.,  and 
2500  lbs.  straw,  =:  4580  lbs.  total  produce ; 
which  will  contain,  approximately,  the  following  constituents :— 


In  Corn. 

In  Straw. 

In  Total  Prodnoa. 

Wheat 

Barley. 

Wheat. 

Barley. 

Wheat. 

Barley. 

Nitroffen 

Phosphoric  acid 

Potass       

Lime 

Magnesia 

Silica        

32 
16 

9-5 

1 

3-5 

0-5 

lbs. 
33 
17 
11-5 

1*5 

4 
12 

lbs. 
13 

7 
20*5 

9 

3 
99*5 

lbs. 
12 

5 
18-5 
10-5 

2-5 
63 

lbs. 
45 
23 
30 
10 

6-5 
100 

lbs. 
45 
22 
30 
12 

6-5 
75 

12 
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It  will  be  observed  that  most  of  the  above  constitaents  (which, 
in  the  sense  that  they  are  those  which  are  the  most  likely  to 
become  deficient  in  the  soil^  may  be  said  to  be  the  most  important 
constituents  of  the  two  crops)  occnr  in  nearly  equal  amounts  in 
the  total  produce  of  either.  The  most  prominent  exceptions  are, 
that  the  total  barley  crop  would  remove  rather  more  lime,  but 
considerably  less  silica,  than  the  wheat  crop.  But,  looking  to 
the  grain  alone,  the  barley  is  seen  to  remove  considerably  more  of 
silica,  and  rather  more  of  each  other  constituent,  than  the  wheat. 
Therefore,  in  cases  in  which  the  grain  only  is  sold,  and  the  straw 
is  returned  to  the  land  in  due  course  as  manure,  the  eventual 
loss  to  the  soil  would  be  upon  the  whole  greater,  especially 
in  ^silica,  by  the  growth  of  such  a  crop  of  barley  than  of 
such  a  crop  of  wheat.  In  the  experiments  now  to  be  con- 
sidered, however,  both  com  and  straw  are  always  entirely 
removed  from  the  land. 

In  Germany,  it  has  recently  been  urged  against  the  plan  of  our 
-experiments,  that  the  amounts  of  the  different  constituents  applied 
as  manure,  for  the  different  crops,  have  no  direct  relation  to  the 
amounts  which  are  annually  removed  from  the  soil  in  the  crops. 
We  freely  admit  that  this  is  the  case.  We  at  the  same  time 
maintain  that,  with  the  existing  knowledge  at  the  time  of  the 
arrangement  of  the  experiments — ^nay,  even  with  present  know- 
ledge, or  rather  ignorance — of  the  reactions  of  the  different  ma- 
nurial  substances  within  the  soil,  of  the  consequent  distribution 
and  state  of  combination  within  it  of  the  constituents  they  supply, 
and  of  how  far,  accordingly,  they  are  available  for  the  crop  to  be 
grown,  it  would  be  the  merest  pedantry  to  apply  only  so  much  of 
each  constituent  as  had  been,  or  was  expected  to  be,  removed  in 
the  crop.  We  have,  indeed,  followed  the  plan  supposed  by  our 
critics,  in  isolated  cases,  with  the  view  of  testing  the  validity  of 
the  assumptions  upon  which  it  is  founded,  and  the  result  has  been 
most  signal  failure,  so  far  as  the  amount  of  the  resulting  crop  is 
concerned. 

Both  the  description,  and  the  amounts,  of  the  manures  actually 
employed  for  the  barlev*  are  recorded  in  full  in  the  folding  Table, 
No.  XXIV.  (facing  p.  80),  and  in  Appendix-Table  I.,  p.  179. 
They  are  in  many  respects  die  same  as  were  adopted  in  the  wheat 
experiments ;  and,  as  in  those  experiments,  the  most  available  and 
convenient  forms  in  which  the  different  constituents  occur  in  the 
market  have  been  selected.  Thus  (omitting  from  the  enumeration 
those  supplied  in  farmyard  manure  and  rape-cake),  the  different 
"  mineral  '^  *  or  ash-constituents  were  supplied  as  follows : — 

*  With  regard  to  the  use  of  the  term  *'  mineral "  see  vol.  xxiy.,  pp.  506-8  (foot- 
note), and  vol.  xjKv.,  p.  101  (and  context),  of  the  'Journal  *;  also  vol.  xvL  pp.  447-8, 
and  context. 
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Potass — as  sulphate  of  potass. 

Soda — as  sulphate  of  soda. 

Moffnesia — as  sulphate  of  magnesia. 

Lime — as  sulphate,  phosphate,  and  superphosphate. 

Phosphoric  acid — as  bone-ash,  mixed  with  sulphuric  acid  in 
quantity  sufficient  to  convert  most  of  the  insoluble  earthy 
phosphate  of  lime  into  sulphate  and  soluble  superphos- 
phate of  lime. 

Sulphuric  acid — in  the  phosphatic  mixture  just  mentioned ; 
in  sulphates  of  potass,  soda,  and  magnesia ;  in  sulphate  of 
ammonia,  &c. 

Cidorine — in  muriate  of  ammonia. 

Silica — as  artificial  silicate  of  soda. 
Other  constituents  have  been  supplied  as  under : — 

Nitrogen — ^as  sulphate  and  muriate  of  ammonia ;  as  nitrate 
of  soda ;  in  farmyard  manure  ;  in  rape-cake. 

Non-mitrogenous  organic  matter^  yielding  by  decomposition 
carbonic  acidy  and  other  products — in  farmyard  manure,  in 
rape-cake. 

The  artificial  manure  or  mixture  for  each  plot  is  ground  up, 
or  otherwise  mixed,  with  a  sufficient  quantity  of  soil  and  turf- 
ashes  to  make  it  up  to  a  convenient  measure  for  equal  distribution 
over  the  land.  Tlie  mixtures  so  prepared  are,  with  proper  pre- 
cautions, sown  broadcast  by  band ;  as  it  has  been  found  that  the 
application  of  an  exact  amount  of  manure,  to  a  limited  area  of 
land,  can  be  best  accomplished  in  that  way. 

The  Field  Results. 

The  results  obtained  with  barley  will  be  arranged  and  dis- 
cussed under  separate  heads,  adopting  much  the  same  divi- 
sion of  the  subject  as  in  the  report  on  the  experiments  with 
wheat,  but  following  a  somewhat  different  order  of  illustration. 
Accordingly,  they  will  be  considered  in  Sections  as  under : — 

I. — Quantity  and  quality  of  the  produce  obtained,  by  different 
descriptions  of  manure,  in  each  of  the  twenty  seasons;  with 
summary  statements  of  the  characters  of  each  season. 

II. — Average  annual  produce  obtained  over  many  years  in 
succession,  by  each  description  of  manure  employed. 

III. — Amount  of  ammonia  in  manure  (or  its  equivalent  of 
nitrogen  in  other  forms),  required  to  yield  a  given  increase  of 
grain  (and^its  proportion  of  straw),  according  to  the  quantity 
applied  per  acre,  to  the  available  supply  of  mineral  constituents 
within  the  soil,  and  to  the  characters  of  the  season. 

IV. — Effects  of  the  unexhausted  residue  from  previous  manuring 
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(both  nitrogenous  and  mineral)  upon    succeeding  crops,   loss   of 
constituents  by  drainage,  and  some  allied  points. 

V. — Comparison  of  the  results  with  those  obtained  in  other 
fields,  and  under  other  conditions  as  to  cropping,  manuring,  &c. 

VI. — Summary,  and  general  conclusions,  showing  the  practical 
bearings  of  the  results. 

On  this  plan,  the  consideration  in  Section  I.  of  the  fluctuations 
in  the  quantity  and  quality  of  the  produce  due  to  season,  and  in 
Section  II.  of  the  average  results  obtained  by  the  different 
manures  over  many  seasons,  will  bring  before  the  reader  the 
main  facts  of  the  field  experiments  as  such.  He  will  then  be 
in  a  position  to  appreciate  the  great  practical  importance,  and 
the  great  scientific  interest,  of  the  questions  discussed  in  Sections 
III.  and  IV.,  and  to  judge  of  the  value  of  the  evidence  brought 
to  bear  upon  them. 


Section  L  Quantity  and  Quality  of  the  Produce  obtained 

IN  THE  different  SEASONS. 

In  the  following  comments  on  the  quantity  and  quality  of  the 
produce  obtained  in  each  of  the  twenty  seasons  separately,  the 
observations  on  the  characters  of  the  seasons  themselves  are 
founded,  partly  on  Mr.  Glaisher's  quarterly  reports,  partly  on 
our  own,  and  partly  on  other  records ;  and  they,  as  well  as  ihoae 
relating  to  the  crops  of  the  country,  may  be  taken  as  in  the  main 
applicable,  so  far  as  such  brief  and  general  statements  can  be,  to 
a  considerable  portion  of  the  Midland,  Eastern,  and  South- Eastern 
districts  of  England.  It  may  be  further  explained  that,  to  aid 
the  study  of  the  characters  of  the  several  seasons,  and  with  a 
view  to  the  statements  given  of  them.  Tables  have  been  arranged 
showing  the  actual  climatic  statistics  of  the  seasons,  and  also 
others  of  their  indices,  showing  the  relative  order  of  the  characters 
registered,  comparing  season  with  season. 

A  little  consideration  will  show  that  this  branch  of  the  subject 
is  not  less  intricate  than  it  is  important ;  and  it  can  of  necessity 
be  but  incidentally  and  incompletely  treated  of  within  the  limits 
of  such  a  paper  as  this.  Thus,  it  is  obvious  that  different  seasons 
will  differ  almost  infinitely  at  each  succeeding  period  of  their 
advance,  and  that,  with  each  variation,  the  character  of  develop- 
ment of  the  plant  will  also  vary,  tending  to  luxuriance,  or  to 
maturation,  that  is,  to  quantity,  or  to  quality,  as  the  case  may  be. 
Hence,  only  a  very  detailed  consideration  of  climatic  statistics, 
taken  together  with  careful  periodic  observations  in  the  field, 
can  afford  a  really  clear  perception  of  the  connection  between 
the  ever  fluctuating  characters  of  season  and  the  equally  fluctuating 


for  Twenty  Years  in  mccession  on  the  same  Land.  13 

characters  of  growth  and  produce.  It  is,  in  fact,  the  distribution 
of  the  various  elements  making  up  the  season,  their  mutual 
adaptations,  and  their  adaptation  to  the  stage  of  growth  of 
the  plant,  which  throughout  influence  the  tendency  to  produce 
quantity  or  quality.  It  not  unfrequently  happens,  too,  that  some 
passing  conditions,  not  indicated  Dy  a  summary  of  the  meteoro- 
logical registry, .  may  affect  the  crop  very  strikingly ;  and  thus 
the  cause  will  be  overlooked,  unless  careful  observations  be  also 
made,  and  the  stage  of  progress,  and  tendencies  of  growth,  of  the 
crop  itself  at  the  time,  be  likewise  taken  into  account 

Having  regard  to  these  considerations,  and  to  the  well-known 
fact — which  is  only  their  practical  consequence — that  those  cha- 
racters of  season  which  are  very  unfavourable  for  land  in  poor 
condition,  may  be  favourable  to  land-  in  high  condition,  and  vice 
versdy  such  a  selection  from  the  results  obtained  in  each  year  has 
been  made  as  it  was  thought  would  best  illustrate  the  influence 
of  season  on  the  productive  effects  of  characteristically  different 
conditions  of  manuring ;  and  for  each  of  the  twenty  seasons  the 
produce  of  the  same  plots  is  taken  for  illustration. 

In  explanation  of  the  abbreviated  descriptions  of  the  manures 
given  in  the  Tables,  it  may  be  stated  that — 

The  ^^ farmyard  manure"  was  made  in  the  open  yard,  and 
did  not  contain  the  dung  of  animals  highly  fed  on  purchased 
food. 

The  **  Mixed  Mineral  Manure "  was  composed,  per  acre  per 
annum,  of — 

200  lbs.  sulphate  of  potass  (300  lbs.  the  first  6  years). 
100  lbs.  sulphate  of  soda  (200  lbs.  the  first  6  years). 
100  lbs.  sulphate  of  magnesia. 

200  lbs.  bone-ash.  1  superphosphate  of 

150  lbs.  sulphuric  acid,  sp.  gr.  l*7j     lime. 

The  ^*  Ammonia  iSalts "  consist  of  an  equal  mixture  of  the 
sulphate  and  muriate  of  ammonia  of  commerce. 

For  the  sake  of  easy  reference,  and  for  comparison  with  the 
produce  in  each  individual  season,  there  is  given  in  Table  I.,  on 
the  following  page,  the  particulars  of  the  average  produce  over 
the  20  years,  on  each  of  the  plots  selected  for  illustration  in  this 
Section. 

In  passing,  the  significant  fact  may  here  be  noted,  that, 
over  a  period  of  20  years  in  succession,  ammonia- salts  alone 
gave  an  average,  per  acre  per  annum,  of  5  bushels  more  com, 
and  of  4  cwts.  more  straw,  than  the  mixed  mineral  manure 
alone.  Again,  the  ammonia-salts  and  mixed  mineral  manure 
together  gave  an  average  annual  produce  of  about  19  bushels 
more  com,  and  14  cwts*  more  straw,  than  the  mineral  manure 
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Tablb  I. — ^Average  Quantity  and  Quality  of  Barley  per  Acre,  per  annum,  on  selected 

plota.    Twenty  Years,  1852-1871. 


MANUBES^  PER  ACBB;  PER  ANNUM. 

AVERAGE  produce;  Ac,  PER  ACRE  PER  AHSUX. 

Plots. 

Dressed  Goni. 

Totsl 
Com. 

• 

Straw 

and 

CbsIL 

Total 

Produce 

(Cora  and 

StntwX 

Con 

Qwntlty. 

Weight 

per 
BnabeL 

to 

1  0 
7 

40 
1  A 

4  A 
4  AA 

4  C 

Unmannred      • 

14  Tons  Farmyard  Manure    ..     .. 
Mixed  Mineral  Manure,  alone 
200  lbs.  Ammonia-salts,  alone       •• 
^Mixed  Mineral  Manure,  and         ..  | 

\200  lbs.  Ammonia-ealts / 

TMixed  Mineral  Manure,  and . .      .A 
400  lbs.  Ammonia-salts  first  6  years 
200  lbs.  Ammonia-salts  next  10  years 
275  lbs.  Nitrate  Soda  last  4  years . .  ^ 
(Mixed  Mineral  Manure,  and.. 
<2000  lbs.  Rape>cake  first  6  years 
(1000  lbs.  Rape-cake  last  14  years.. 

Bnahela. 
20 
48} 
27i 
32} 

46i 
49S 

47i 

Ibe. 
52-3 
54*3 
53-4 
52*1 

54-0 
53-4 

53-6 

Iba. 
1133 
2768 
1550 
1840 

2630 
2813 

2698 

Cwts. 
11* 

28} 

la 

28} 
3^ 

29} 

Un. 
2454 
5933 
31 6S 
3919 

5817 
6443 

6002 

86*6 
88*5 
96-4 
89S 

83-2 

79-5 

8S-0 

alone ;  but  only  about  14  bushels  more  com^  and  10  cwts.  more 
straw,  than  the  ammonia-salts  alone. 

There  can  be  no  doubt,  therefore,  that  in  this,  in  an  agri- 
cultural sense,  already  corn-exhausted  soil,  the  available  supply  of 
nitrogen  was  much  more  readily  exhausted  than  the  available 
supply  of  mineral  constituents,  so  far  as  the  requirements  for  the 
growlli  of  barley  are  concerned. 

It  may  be  stated  at  the  outset  then,  that  the  results  obtained 
with  barley,  so  far  show  general  accordance  with  those  on  wheat; 
and  that  diose  with  both  crops  are  entirely  inconsistent  with 
the  ^  Mineral  Theory,"  according  to  which  it  was  maintained — 
*^that  the  supply  of  ammonia  is  unnecessary  for  most  of  onr 
cultivated  plants,  and  that  it  may  be  even  superfluous,  if  only 
the  soil  contain  a  sufficient  supply  of  the  mineral  food  of  plants 
when  the  ammonia  required  for  their  development  will  be  fur- 
nished by  the  atmosphere." 

We  need  hardly  say  that  the  sharp  distinction,  the  direct 
antithesis,  between  the  terms  *^ mineral*'  and  ^ammonia,"  as 
used  in  die  above  sentence,  was  habitually  adopted  by  Baron 
Liebig  in  his  earlier  agricultural  writings*;  in  &ct,  the  ^^  Mineral 
Theory"  which  was  so  long  in  controversy,  can  hardly  be  more 
clearly  stated  in  so  few  words,  than  in  those  just  given,  written 
by  himself. 

*  For  a  few  additional  illustrations  see  foot-note  pp.  506-8,  vol.  xxiv.  part  2  of 
the  *  Journal  of  the  Royal  Agricultural  Society  of  England.' 
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Notwithstanding  this^  what  does  be  say  now  ?  He  ignores 
his  former  arguments  and  views.  He  repudiates  the  obvious 
meaning  of  the  terms  he  employed.  He  attributes  to  his  oppo- 
nents ignorance  of  the  fact  that,  in  a  special  scientific  sense, 
ammonia-salts  are  mineral  substances.  He  says — ^^  AH  the  ma- 
terials constituting  the  food  of  our  cultivated  plants  belong  to 
the  mineral  kingdom."  And — ^^  Sulphate  of  ammonia  and  sal- 
ammoniac  are  mineral  .  •  .  ."  Thus,  ammonia  is  now  claimed 
as  a  mineral  manure,  instead  of  antithetic  to  it,  as  throughout 
his  earlier  writings ;  and,  accordingly,  he  claims  as  consistent 
with  his  *'  Mineral  Theory,"  any  beneficial  effects  from  the  use 
of  nitrogenous  manures.  He  would,  indeed,  have  it  supposed 
by  the  rising  generation  of  readers,  and  if  possible  established 
for  the  future,  that  the  ^'  Mineral  Theory  "  of  Agriculture  which 
has  been  in  controversy  is  the  *'  Mineral  Theory  "  of  vegetation 
in  general,  according  to  which,  as  distinguished  from  the  so- 
called  *^  Humus  Theory,"  all  the  food  of  plants  is  mineral 

Having  made  these  fundamental  changes,  without  acknow- 
ledgment of  either  change  or  error,  he  endeavours  to  divert  the 
attention  of  his  modem  and  future  readers  from  his  earlier  works 
and  editions,  and  insinuates  that  the  error  has  been  on  the  side 
of  his  opponents.  Thus,  in  1870,  in  the  course  of  a  disquisition 
on  the  claims  of  truth  in  scientific  inquiry,  he  speaks  of  his 
long  forbearance  in  reference  to  the  opposition  to  his  views  on 
the  theory  of  fermentation,  the  sources  of  muscular  power,  the 
formation  of  fat,  &c.,  and,  in  agricultural  chemistry,  on  the 
laws  of  the  nutrition  of  plants  and  animals.  But,  he  goes  on  to 
say,  there  is  for  every  one  a  limit,  when  it  becomes  his  duty 
again  to  contend  for  that  which  he  holds  to  be  true,  and  this  is 
reached,  when  error  has  gained  the  victory,  and  scarcely  a  doubt 
is  expressed  that  it  may  be  the  truth.  Tlien,  with  more  special 
reference  to  the  controversy  with  ourselves,  he  proceeds — 

**  In  this  way  it  happened  to  my  views  on  agriculture,  on  the 
causes  of  the  exhaustion  of  soils,  and  the  conditions  of  the 
restoration  of  their  fertility;  in  the  16  years  which  elapsed 
between  the  sixth  and  seventh  editions  of  my  book,  my  doctrine 
was  as  good  as  buried,  by  the  majority  of  practical  agriculturists 
it  was  held  to  be  completely  refuted,  which  might  well  be 
quite  unhesitatingly  assumed  since  one  of  the  most  renowned 
Scientific  Societies  had  bestowed  its  great  gold  medal  upon  my 
most  persevering  opponents,  as  a  seal  of  their  triumph  over 
the  mineral  theory.  With  the  publication  of  the  seventh  edition 
of  my  ^  (Chemistry  in  its  applications  to  Agpriculture  and 
Physiology,'  a  refutation  of  my  doctrine  is  no  longer  spoken  of, 
and  the  younger  generation  of  farmers,  standing  in  a  far  higher 
scientific  position,  no  longer  comprehend   how  there  was    so 
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much  dispntiag  and  quarrelling  over  truths  which  now  seem  to 
them  self-evident."* 

Considering  that  the  "Mineral  Theory,"  about  which  there 
was  so  much  "  disputing  and  quarrelling  "  has  in  reality  been  so 
long  both  refuted  and  buried,  and  that  its  author  not  only  seeks 
to  repudiate  it,  but  to  adopt  without  acknowledgment  the  views 
of  his  opponents  pat  forward  in  correction  of  his  own,  it  would 
be  only  waste  of  the  reader's  time  to  repeat  the  process  of  refuta- 
tion and  burial  in  any  detail  here.  But  those  who  may  be  curioos 
to  examine  into  the  history  and  the  truth  of  the  matter  for  them- 
selves,  we  would  refer  to  the  third  and  fourth  English  editions  of 
Baron  Liebig's  book  (1843  and  1847),  or  to  the  German  editions 
prior  to  the  seventh^  and  to  our  own  papers  in  Volumes  xii.,  xvL, 
xxiv.,  and  xxv.  of  the  *  Journal  of  the  Royal  Agricultural  Society 
of  England.' 

Before  commencing  the  consideration  of  the  individual 
seasons,  it  may  be  well  to  add,  by  way  of  preliminary  statement, 
that  in  the  comments  on  the  varying  quantity  and  quality  of 
produce  obtained  by  one  and  the  same  manure  according  to 
season,  the  comparisons  of  the  produce  of  each  separate  season 
with  the  average  of  the  twenty  seasons,  will  be  made  with 
as  little  reference  as  may  be  needed  to  the  question  of  how 
far  the  result  may  be  affected  by  the  use  of  the  same  manure 
year  after  year  on  the  same  plot.  In  accordance  with  the 
plan  already  given,  this  subject,  of  the  degpree,  or  the  limit,  of 
the  effects  of  accumulation,  or  of  exhaustion,  by  previous 
manuring  and  cropping,  on  the  produce  of  succeeding  seasons, 
will  receive  separate  and  full  consideration  in  Section  IV. 

Lastly,  it  will  be  useful  to  bear  in  mind  throughout,  that,  so 
far  as  the  influence  of  season  is  concerned,  the  quantity  of  the 
produce  depends  greatly  on  the  amount  and  the  distribution  of 
rain  during  the  growing  period ;  and  the  quality  (proportion 
of  com  and  quality  of  corn),  on  a  suitable  adaptation  of  tempera- 
ture.    And,  so  far  as  the  influence  of  manures  is  concerned,  the 

*  The  tbllowiDg  is  the  paragraph  from  the  original — 

"  In  dieser  Weise  war  es  meinen  Ansichten  tiber  dea  Feldbanbetrieb,  fiber  die 
Ursachen  der  Erschopfung  der  Felder  und  die  Bedingungen  der  WiederberBtellang 
ihrer  Frachtbarkeit  ergangen;  in  den  16  Jahren,  die  cwischen  der  6.  und  7. 
Anflage  meines  Baches  liegen,  war  meine  Lehre  so  gut  wie  sn  Grabe  getragent 
sie  warde  von  der  grossen  Mehrzahl  der  practischen  Londwirthe  fiir  Tollkommen 
widerlegt  gehalten,  was  wohl  ganz  onzweifelhaft  darans  entnommen  werden 
diirfte,  dass  eine  der  berfihmtesten  wissenschaftlichen  Gesellschaften  ihre  groase 
goldene  Medaille  meinen  beharrlichsten  Gegnem  zar  Besiegelong  ihreBTrinmphes 
Hber  die  Mineraltheorie  yerliehen  hat.  Mit  der  VerofientTichnng  der  7.  Aunage 
meiner  '  Chemie  in  ihrer  Anwendang  auf  Agricaltar  and  Physiologic,'  ist  von 
einer  Widerlegang  meiner  Lehre  nicht  mehr  die  Kede,  and  die  jiingere,  winen- 
sehaftlioh  weit  hoher  stehende  Generation  der  Landwirthe  begreift  «s  nicht  mehr, 
dass  so  viel  Hader  and  Zank  iiber  Wahrheiten  war,  die  ihnen  jetzt  als  selbstrer- 
standiich  gelten."  (Ueber  G&hrong,  iiber  Quelle  der  Moskelkrajft  andEmahnmg. 
Voi-rede,  pp.  ix-x.) 
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quantity  (luxuriance)  depends  gpreatly  on  the  available  supply  of 
nitrogen  within  the  soil,  and  the  quality  of  the  crop  (tendency 
to  form  seed  and  to  ripen),  on  the  available  supply  of  mineral 
or  ash-constituents. 

First  Season,  1852. 

November  and  December,  1851,  were  upon  the  whole  fine, 
but  colder  than  usual.  January  and  February,  1852,  were  mild 
and  wet ;  March  dry  and  clear,  but  cold  and  frosty ;  April  dry, 
with  some  hot  sun,  but  a  good  deal  of  cold  east  wind ;  May 
variable,  but  also  with  a  good  deal  of  cold  east  wind ;  June 
very  wet  and  cold ;  July  very  hot,  with  several  heavy 
thunderstorms;  August  fine  at  the  beginning,  very  wet  in  the 
middle,  and  fine  and  hot  at  the  end ;  iSeptember  fine  until  the 
6th,  when  there  was  a  heavy  thunderstorm,  with  a  good  deal  of 
rain,  the  rest  of  the  month  being  variable,  with  prevailing  low 
temperatures,  but  upon  the  whole  not  unfavourable.  In  June 
the  dew  point  was  below,  but  the  degree  of  humidity  of  the  air 
slightly  above  the  average;  in  July  the  dew  point  was  above, 
but  the  degree  of  humidity  considerably  below  the  average ;  and 
in  August  and  September  both  dew  point  and  the  degree  of 
humidity  were  below  the  average. 

Thus,  the  early  portions  of  die  winter  were,  upon  the  whole, 
fine  but  cold;  but  the  later  for  the  most  part  mild  and  wet. 
Then  followed  drier  weather,  allowing  of  an  early  working  of 
the  land.  The  spring  was,  however,  dry,  cold,  and  backward  ; 
the  early  summer  rainy  and  cold,  and  the  maturing  period 
variable,  with  a  good  deal  of  hot  weather,  and  some  heavy  storms. 

The  winter-sown  wheat  crop  was  reported  to  be  generally  not 
deficient  in  bulk,  but  in  many  districts  much  blighted,  mildewed, 
and  grown;  the  result  being  a  yield  considerably  below  the 
average.  Shortly  before  harvest,  barley  as  well  as  wheat  was 
reported  to  be  a  bulky  crop,  and  to  give  upon  the  whole  a  fair 
promise,  though  the  hot  weather  of  July  was  tending  to  pre- 
mature ripening,  especially  on  the  lighter  lands;  and  the  very 
variable  weather  of  the  maturing  period  gpreatly  lessened  the 
yield,  and  injured  the  sample. 

The  experimental  wheat  crop  was  much  below  the  average  in 
quantity  of  both  com  and  straw,  and  also  considerably  below  the 
average  in  quality  of  grain.  Table  II.  (p.  18)  exhibits  the  results 
obtained  on  the  selected  plots  in  the  experimental  barley  field. 

The  weather  was  favourable  for  the  preparation  of  the  land, 
and  the  seed  (Chevalier)  was  sown  on  March  5.  The  quantity  of 
produce,  both  com  and  straw,  was,  without  manure,  by  mineral 
manure  alone,  and  by  ammonia-salts  alone,  considerably  greater 
in  this  first  season  than  on  the  average  of  the  20  years  under  the 
same  continued  conditions  as  to  manure.     The    comparatively 
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Table  II.— Qnantity  and  Quality  of  Barley  on  Selected  Ploto.    Fint  Seasoo,  1852. 


MANUBESk  FEB  ACKE. 

FBODUCB  PER  ACRE;  te. 

Plata. 

DrooBcd  OonL 

TbHa 
Cora. 

Stew 
and 

OMlt 

Total 

(OoRiaui 
StawX 

On 

QoantfCy. 

Weight 

per 
BoiheL 

to 
Btav. 

7 

10 
40 
1  A 
4A 

4AA 

4C 

14  Tons  Fumyard  Ifaimre 

Uimuunired 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-aalts 
Mixed  Mineral  Manure,  and 

200  lbs.  Ammonia-fialtB  .. 
Mixed  Mineral  Manure,  and 

400  Iba.  Ammonia-flalta  .. 
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33 
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88 
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ia 
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28i 
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Dm. 

3920 

3445 
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4652 

5487 
5714 
4796 

88-8 
85-2 
83*  1 
81-5 

75-9 
79-6 

n-7 

large  produce  without  manure,  and  by  mineral  manure  alone, 
in  the  first  year,  shows  that  there  was  a  quantity  of  un- 
exhausted nitrogen  from  previous  manuring  avaihible  within 
the  soil.  The  larger  produce  by  ammoniaHnJts  al(xie  in  the 
first  than  over  the  20  seasons  shows,  in  like  manner,  a  com- 
parative exhaustion  of  available  mineral  constituents  in  the 
later  years.  On  the  other  hand,  in  the  case  of  the  Curmyard 
manure,  and  the  artificial  manures  in  which  there  was  annually 
supplied  an  abundance  of  mineral  constituents  as  well  as 
ammonia,  or  nitrogen  in  some  form,  the  average  produce  of  the 
20  years  considerably  exceeded  that  of  the  fint  year.  Part 
of  tibis  latter  result  is  doubtless  due  to  accumulation  from 
year  to  year ;  but  no  doubt  it  is  also  in  great  measure  dne  to  the 
comparatively  defective  productive  characters  of  the  first  season. 
This  conclusion  is  confirmed  by  the  fact  that,  the  quality  of 
the  produce,  as  indicated  by  the  weight  per  bushel,  was,  both 
from  the  deficiently  and  from  the  liberally  manured  plots, 
considerably  below  die  average.  The  proportion  of  com  to  straw 
was  also  in  most  cases  below  the  average. 

The  results  obtained  in  die  experimental  field  are  accordant, 
therefore,  with  those  over  a  considerable  area  of  the  country,  in 
showing  that  the  variable,  but  upon  the  whole  wet  and  cold 
season  of  1852,  was  un&vourable  to  the  barley  crop,  and 
especially  so  in  point  of  quality. 

Second  Season,  1853. 

Up  to  the  middle  of  January,  the  winter  of  1852-3  was,  upon 
the  whole,  very  unseasonably  warm  and  wet ;  the  rest  of  January, 
February,  and  March,  were  very  cold,  with  a  good  deal  of  east 
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and  north-east  wind,  and  some  snow ;  April  and  iMaj  were  for  * 
the  most  part  cold  and  wet,  with  the  exception  of  a  short  period 
in  the  middle  of  each  month ;  June  was  variable,  with  a  good 
deal  of  rain  and  cold  wind ;  the  greater  part  of  July  was  exces- 
sively wet,  with  low  temperatures,  but  the  end  of  the  month,  and 
the  beginning  of  August,  were  fine ;  the  remainder  of  August, 
and  September,  were  dull,  unsettled,  wet,  and  cold*  Both  the 
dew  point  and  the  degree  of  humidity  of  the  air  were  generally, 
and,  especially  the  latter,  sometimes  considerably  below  the 
average  in  June,  July,  August,  and  September. 

Thus  the  autumn  and  early  winter  were  exceedingly  wet ;  so 
much  so,  indeed,  that  a  considerable  breadth  of  the  land  intended 
for  wheat  could  not  be  sown.  The  remainder  of  the  winter,  and 
the  spring,  were  for  the  most  part  unseasonably  cold,  or  cold 
and  wet ;  so  also  were  the  summer,  and  the  harvest  time,  with 
the  exception  of  a  short  period  at  the  end  of  July  and  the 
beginning  of  August. 

The  wheat  crop  was  reported  to  cover  a  very  limited  area,  and  to 
be  far  inferior  to  that  of  any  season  for  many  years  past  Barley 
and  oats  were,  however,  sown  over  an  unusually  large  area,  and 
neither  crop  was  reported  to  have  suffered  anything  like  so  much 
as  wheat 

The  experimental  wheat  was  not  sown  until  the  spring,  and 
its  crop  was  one  of  the  worst  that  has  been  obtained  up  to  the 
present  time.  The  experimental  barley  was  not  sown  until 
April  11 ;  and  the  following  are  the  results  obtained  on  the 
selected  plots : — 

Table  III. — Quantity  and  Quality  of  Barley  on  Selected  Plots.  Second  Season,  1853. 
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Under  the  influence  of  this  unusually  cold  and  wet  season,  the 
weight  of  total  produce  (com  and  straw  together)  was,  without 
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manare^  and  with  the  partial  manures,  that  is,  with  mixed  mineral 
manure  alone,  or  ammonia-salts  alone,  rather  more  than  in  the 
first  season,  and  very  considerably  more  than  the  average  of  the 
20  seasons.  With  farmyard  manure  it  was  considerably  more 
than  in  the  first  season,  but  considerably  less  than  the  average. 
With  the  more  complete  artificial  manures,  supplying  mineral 
constituents  in  abundance  as  well  as  ammonia,  there  was  a  consi- 
derable deficiency  compared  widi  the  average ;  and  more  in  the 
com  than  in  the  straw.  This  comparatively  worse  result  in  the 
cold  and  wet  season  with  the  more  liberal,  than  with  the  more 
partial  manuring,  is  in  great  measure  to  be  explained  by  the 
fact,  that  all  the  heavier  crops  were  very  much  more  laid  than 
the  lighter  ones.  Accordingly,  the  weight  per  bushel  of  dressed 
com,  which  was  in  almost  every  case  considerably  lower  than  the 
average,  was,  so  far  as  the  artificial  manures  were  concerned,  the 
lower  the  higher  the  proportion  of  nitrogen  to  the  mineral  con- 
stituents in  the  manure ;  that  is  to  say,  the  more  the  tendency  to 
luxuriance,  or  quantity  of  gross  produce,  prevailed  over  that  of 
seed-forming  and  ripening. 

The  results  as  a  whole  are  an  illustration  of  that  which  common 
experience  teaches,  namely,  that  with  a  cold  and  wet  season  the 
naturally  light  and  poor,  and  the  poorly  manured  lands,  suffer 
much  less  than  the  naturally  better,  or  more  liberally  manured 
soils.  Another  point  of  general  interest  is,  that  spring-sown  corn 
as  a  rule  suffers  much  less  in  such  a  season  than  the  winter-sown 
wheat.  Indeed,  an  amount  of  spring  and  summer  rain  which 
may  be  essential  for  the  luxuriant  growth,  and  subsequent  yield, 
of  the  late-sown  barley  or  oat  crop,  will  frequently  be  adverse  to 
the  yield  of  the  winter-sown  wheat  crop. 

Third  Seasouy  1854. 

The  winter  of  1853-4  was,  until  past  the  middle  of  February, 
upon  the  whole  unusually  severe,  with  a  good  deal  of  snow; 
March  and  the  greater  part  of  April  were  very  fine,  but  at  the 
end  of  the  latter  month  there  was  severe  frost  for  the  period,  and 
a  good  deal  of  cold  north  wind ;  May  was  variable,  generally  cold 
and  backward,  with  a  good  deal  of  rain ;  June  was  generally 
fine,  but  cold ;  the  first  half  of  July  was  also  cold,  with  a  mode- 
rate amount  of  rain ;  then  came  a  week  or  two  of  fine  hot  weather, 
which  was  succeeded  by  thunderstorms  and  heavy  rain;  the 
beginning  of  August  was  wet,  the  middle  fine  though  not  warm, 
but  the  end  dry  and  hot ;  September  was  almost  throughout  fine 
and  favourable  for  getting  in  the  crops,  with  high  day,  though 
low  night,  temperatures.  In  June,  July,  August,  and  September, 
the  dew  point  was  below  the  average,  and  the  degree  of  humidity 
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of  the  air  was,  in  June  above,  in  July  about,  and  in  August  and 
September  below,  the  average. 

The  autumn  seed-time  had  been  very  favourable ;  it  was 
followed  by  an  unusually  severe  winter,  but  the  spring  seed-time 
was  not  unfavourable.  This  was  succeeded  by  generally  fine  but 
generally  cold  and  backward  weather,  until  the  middle  of  July, 
from  which  time,  however,  until  harvest,  the  period,  though 
changeable,  embraced  some  fine  maturing  and  harvest  weather. 

The  season  of  1854  appears,  therefore,  by  the  climatic  records, 
to  have  been  by  no  means  continuously  favourable,  and  the 
harvest  was  late  ;  yet  the  wheat-crop  of  the  country  was  reported 
to  be  one  of  the  largest  yield  per  acre  for  many  years  past  The 
barley  and  oat  crops  were  also  spoken  of  as  generally  very  good. 

The  experimental  wheat-crop  was  as  remarkable  for  superiority 
in  almost  every  particular,  both  of  quantity  and  quality,  as  that 
of  1853  had  been  in  the  opposite  direction.  The  following 
results  were  obtained  in  the  experimental  barley  field  : — 


Tablb  IV.— Quantity  and  Quality  of  Barley  on  Selected  Plots.  Third  Season,  1854. 
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The  seed  was  sown  as  early  as  February  24th ;  and  the  season, 
though  backward,  was  without  material  checks.  The  result, 
with  the  early  start,  and  these  conditions,  was  a  great  bulk  of 
produce,  which,  for  its  amount,  was  comparatively  little  laid ; 
and,  with  favourable  harvest  weather,  it  finally  yielded  a  large 
amount  of  com  as  well  as  straw,  and  generally  a  good  weight  per 
bushel.  Under  every  condition  of  manuring  the  produce  was 
considerably  higher  than  in  either  of  the  two  preceding  seasons, 
and  considerably  higher  also  than  the  average  of  the  20  seasons. 
It  was,  in  fact,  under  most  of  the  conditions  of  manuring,  in 
straw  higher,  and  in  corn  also  higher  than,  or  nearly  as  high  as. 
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in  any  of  the  20  years.  In  3  of  the  selected  cases  the  produce 
exceeded  60  bushels  of  dressed  com,  and  2  tons  of  straw,  per 
acre.  The  season  of  1854  was,  therefore,  one  of  remarkable 
productiveness ;  and  it  was  remarkable  for  yielding  such  large 
crops  under  climatal  conditions  which  the  mere  meteorologi<»l 
registry  did  not  indicate  to  be  peculiarly  &yourable.  The  result 
would  appear  to  have  been  owing,  as  in  the  also  remarkable 
season  of  1863,  to  a  continuity  of  unchecked  growth,  rather  than 
to  any  special  aptitude  for  unusual  luxuriance  at  particular 
periods. '  Lastly,  although  the  quantity  of  grain  per  acre  was  very 
large,  the  proportion  of  com  to  straw  was  considerably  below  the 
average,  it  is  probable,  indeed,  that  the  great  yield  was  due  to 
favourable  conditions  of  season  at  the  time  of  seed-forming, 
acting  upon  a  great  bulk  of  plant,  and  not  to  conditions  favourable 
to  se^ng  tendency  through  any  lengthened  period  of  growth. 


Fourth  Season^  1855. 

The  winter  of  1854-55  was  generally  fine  and  mild  up  to  the 
middle  of  January.  Then  came  some  frosts  and  deep  snow  ;  and 
the  frost,  with  occasional  snow,  rain,  and  thaw,  lasted,  with  more 
or  less  severity,  through  February  and  March.  The  beginning 
and  end  of  April  were  also  cold  and  frosty,  and  the  month  was 
more  or  less  windy  throughout,  with  dry  east  winds  at  the  close. 
May  and  June  were  for  the  most  part  very  cold  and  dry,  with 
the  exception  of  a  short  interval  in  the  middle  of  that  period, 
and  the  end  of  June,  which  was  very  hot ;  July  was  very  variable, 
with  many  fine  hot  days,  but  with  severe  thunderstorms,  and, 
upon  the  whole,  a  great  excess  of  rain.  The  beginning  ojf 
August  was  also  wet,  but  the  remainder  of  the  month  was  fine ; 
September  also  was  fine,  but  cooL  In  June,  August,  and  Sep- 
tember, both  the  dew  point  and  the  degree  of  humidity  of  the 
atmosphere  ranged  low,  but  in  July  both  were  somewhat  in 
excess  of  the  average. 

Thus,  the  latter  part  of  the  winter,  and  the  early  spring,  were 
extremely  severe;  the  remainder  of  the  spring  and  the  early 
summer  cold  and  dry;  July  was  very  variable,  with  a  great 
deal  of  rain,  and  a  radier  humid  atmosphere ;  but  the  harvest 
period  was  more  favourable. 

With  these  characters  of  season,  the  wheat  crop  of  1855  was 
reported  to  be  much  less  abundant  than  that  of  1854 ;  in  quantity 
about,  or  but  little  over,  an  average — ^in  quality  very,  various, 
and  in  many  cases  much  damaged.  Barley  was  reported  to  be 
abundant,  but  damaged,  yielding  a  bad  malting  sample. 

In  the  experimental  wheat  field,  the  season  of  1855  was  one  of 
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average  productiveness  with  moderate  manuring,  but  was  unfa- 
vourable for  high  manuring,  that  is  for  the  growth  and  maturing 
of  large  crops.  The  selected  plots  in  the  experimental  barley 
field  gave  the  following  results  :-«- 

Table  Y.— Quantity  and  Quality  of  Barley  on  Selected  Plots.  Fourth  Season,  1855. 
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A  wet  and  warm  July,  and  the  beginning  of  August  also  wet, 
following  upon  a  cold  and  dry  spring  and  early  summer,  and, 
therefore,  acting  upon  a  backward  crop,  ensured  a  considerable 
bulk  of  produce ;  and  with  comparatively  favourable  conditions 
immediately  before  harvest,  the  quantity  of  com  per  acre,  as 
well  as  that  of  straw,  was  also  above  the  average  of  the  20  years ; 
excepting  in  some  of  the  cases  of  the  heavier  crops,  which  were 
much  laid.  The  corn-yielding  characters  of  the  crop  varied, 
however,  very  considerably ;  the  proportion  of  com  to  straw,  and 
the  weight  per  bushel  of  the  dressed  com,  being  generally  consi- 
derably the  lower,  the  greater  the  proportion  of  nitrogen  to 
mineral  constituents  in  the  manure ;  that  is  to  say,  the  more  the 
manures  supplied  the  conditions  &vourable  to  luxuriance  and 
bulk,  rather  than  to  seeding  tendency.  Thus,  by  mineral  manures 
alone,  there  are  only  37-^  bushels  of  com,  and  18  cwts.  of 
straw,  but  102  parts  of  com  for  100  of  straw,  and  more  than'  53 
lbs.'  weight  per  bushel;  whilst  with  the  same  mineral  manure 
and  400  lbs.  ammonia-salts  per  acre,  there  are  nearly  50  bushels 
of  com,  and  nearly  40  cwts.  of  straw,  but  less  than  58  parts  of 
com  to  100  of  straw,  and  less  than  49  lbs.  per  bushel.  The  very 
varied  conditions  of  manuring  supplied  in  the  experimental  field 
have,  therefore,  furnished,  in  their  results,  a  striking  illustration 
of  how  differently  the  same  conditions  of  season  may  affect  the 
produce  of  light  and  of  heavy,  or  of  deficiently  or  highly  manured 
land ;  and  how  an  excess  of  rain  during  the  actively  growing 
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period  may  be  beneficial  under  bad,  and  injurious  under  good 
agricultural  conditions. 

Fifth  Seasorij  1856. 

After  a  wet  autumn,  and  some  severe  weather  in  the  earl j  part 
of  the  winter,  January  1856  was  very  variable,  but,  upon  the 
whole,  mild,  as  was  also  February ;  March  was  dry  and  cold, 
with  piercing  north-east  winds ;  April  and  May  generally  cold, 
and  May  particularly,  very  wet;  June  and  July  changeable  as 
to  temperature,  with  little  rain,  and  frequently  very  cold  nights 
until  nearly  the  end  of  the  latter  month,  which,  with  the  begin- 
ning of  August,  was  fine  and  hot ;  then  came  heavy  thunderstorms 
with  excessive  rain,  but  the  end  of  August,  and  the  first  half  of 
September,  were  fine,  after  which  again  succeeded  thunderstorms 
and  heavy  rain,  the  temperature  being  generally  low  throughout 
the  month.  The  mean  dew  point,  and  degree  of  humidity  of  the 
air,  were  above,  or  about,  the  average  in  June,  July,  and  August, 
and  somewhat  below  it  in  September. 

Thus,  after  a  variable,  but  upon  the  whole,  mild  winter,  the 
early  spring  was  dry  and  cold,  the  remainder  cold  and  wet,  and 
the  early  summer  cold  and  changeable,  with  little  rain ;  then 
came  a  short  interval  of  fine  and  hot  weather,  succeeded  about  the 
ripening  period  by  very  heavy  rains  and  prevailing  low  tempera- 
tures. The  harvest  period  was  much  broken,  generally  wet  and 
unfavourable,  especially  in  the  later  districts. 

Wheat  was  reported  to  cover  a  large  area ;  and  shortly  before 
harvest  it  was  thought  the  crop  would  be  over  an  average.  Bar- 
ley and  oats  were  also  expected  to  be  over  average  per  acre; 
though  barley  was  said  to  cover  an  unusually  small  area.  Even- 
tually, however,  owing  to  the  unfavourable  harvest-weather,  and 
the  deficiency  of  labour,  a  considerable  proportion  of  all  three 
crops  was  much  damaged  and  badly  got  In. 

The  experimental  wheat  crop  was,  with  liberal  manuring,  in 
quantity  of  straw  over,  and  in  that  of  grain  fully  equal  to,  the 
average  ;  but  it  was  unevenly  and  badly  ripened,  and  the  weight 
per  bushel  was  low. 

The  results  exhibited  in  Table  VI.  (p.  25)  were  obtained  in 
the  experimental,  barley  field. 

The  barley  was  sown  on  March  8th ;  and  with,  for  the  most 
part,  alternately  cold  and  dry,  and  cold  and  wet,  spring  and 
summer,  the  amount  of  total  produce  was,  under  all  conditions 
of  manuring,  very  considerably  below  the  average  of  the  20 
years.  The  deficiency  in  quantity  of  com  was  very  great,  and 
that  of  straw  also  great ;  though  the  less  the  higher  the  artificial 
manuring.     With  the  farmyard  manure,  however,  the  deficiency 
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TiiBLE  VI.—Quantity  and  Quality  of  Barley  on  Selected  Plots.  Fifth  Season,  1856, 


MANURKS,  PEE  ACRE. 

t 

PRODUCE  PER  ACRE,  &c 

Plot& 

Dressed  Gom. 

Total 
Goni. 

Straw 

and 

Chaff. 

Total 

Prodnce 

(Com  and 

Straw). 

Cora 

Qaantltj. 

Weight 

per 
Bushel. 

to 

100 

Straw. 

7 

1  O 
40 
1  A 
4  A 

4AA 
4C 

14  Tom  Farmyard  Manare 

Unmannred 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  andl 

200  lbs.  Ammonia-salts  . .  / 
Mixed  Mineral  Mannre,  and 

400  lbs.  Ammonia-salts  .. 
Mixed  Mineral  Manure,  andi 

2000  lbs.  Rape-cake        . .  / 

Bnshela. 

f\ 

19} 
25 

311 
S7| 
35i 

lbs. 
47-1 
49-1 
47-0 
48*5 

46*4 
45-4 

46-3 

1 

lbs. 
1656 

812 
1018 
1432 

1599 
1886 
1841 

Cwts. 
19f 
8} 

.^ 

211 

S3 

30) 

lbs. 

3866 

1797 

2075 

3347 

3981 
5582 
5257 

74-9. 

82-4 

96-3 

74«8 

67- 1 
51-0 
53-9 

of  straw  was  proportionally  as  great  as  in  other  cases  of  low  pro- 
duce. The  quantity  of  corn  was,  indeed,  under  many  of  the 
conditions  of  manuring,  the  lowest,  and  under  all  nearly  as  low, 
as  in  any  year  of  the  20 ;  and,  with  a  wet  harvest  time  following 
upon  an  almost  continuously  unfavourable  growing  period,  the 
proportion  of  corn  to  straw  was  unusually  low,  especially  under 
the  high  manuring.  The  weight-per  bushel  of  dressed  com  was 
also  very  much  below  the  average,  and  almost  throughout  lower 
than  in  any  other  of  the  20  seasons. 

In  former  seasons  it  had  been  observed  that,  wherever  phos- 
phatic  manures  were  used,  the  crop  ripened  much  earlier  than 
where  they  were  not  employed ;  but  hitherto  it  had  been  thought 
desirable  to  cut  all  at  the  same  time.  .  From  this  time  forward, 
however,  there  have  generally  been  at  least  two  cuttings,  with 
an  interval  of  from  a  week  to  a  fortnight  between  them.  In  the 
case  of  the  season  under  consideration,  all  the  lots  with  phos- 
phatic  manure  were  cut  on  August  13th,  after  which  there  was 
a  week  of  almost  incessant  rain,  which  much  damaged  both  grain 
and  straw,  the  former  being  much  sprouted.  The  remainder  of 
the  plots  were  cut  on  August  29th,  and  being  then  dead  ripe, 
were  carted  on  the  same  day. 

Judging  from  the  reports,  it  would  appear  that  the  barley  crop 
of  the  country  generally  was  not  so  deficient  in  bulk  as  the 
results  show  that  in  the  experimental  field  to  have  been ;  but 
it  was  probably  in  many  cases  equally  damaged,  and  bad  in 
yield. 

Sixth  Season^  1857. 

The  last  quarter  of  1856  was  marked  by  rapid  variations  of 
pressure,    and   extreme   changes   of  temperature.      In   January 
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(1857),  there  was  a  good  deal  of  rain,  and  the  greater  part  of 
die  month  was  mild ;  but  it  became  colder,  with  frost  and  snow, 
at  the  end  of  the  month  and  the  beginning  of  February.  The 
remainder  of  February,  and  March,  were  very  dry,  with  high 
barometer,  frequent  sharp  frosty  nights,  and  cold  easterly  winds. 
April  was  more  rainy,  but  included  also  some  fine  though  cold 
weather.  May  was  fine,  with  a  good  deal  of  very  warm  weather, 
and  but  little  rain.  In  June,  again,  there  was  a  good  deal  of  fine  and 
hot  weather;  but  there  were  also  several  thunderstorms,  with  heavy 
falls  of  rain,  which  were  much  needed,  and  thoroughly  penetrated 
the  soil.  During  July  the  weather  was  generally  fine,  and  occa- 
sionally very  hot,  with  much  less  than  the  usual  amount  of  rain. 
In  August  there  were  several  thunderstorms  with  heavy  rain, 
but  otherwise  the  weather  was  fine  and  remarkably  hot.  In  the 
early  part  of  September  a  great  deal  of  rain  fell,  but  the  remain- 
der of  the  month  was  fine,  and  its  temperature  was  pretty 
uniformly  rather  above  the  average.  In  June,  July,  and  August, 
though  die  dew  point  ranged  somewhat  high,  the  temperature 
did  so  in  a  greater  degree,  so  diat  the  atmosphere  was  drier  than 
usual. 

Thus,  after  a  variable  preliminary  period,  die  beginning  of 
the  year  was  mild  and  wet ;  in  the  spring  there  was,  upon  the 
whole,  a  good  deal  of  cold  dry  weather,  but  there  was  a  suffi- 
ciency of  rain  in  April.  The  summer  was  for  the  most  part  hot, 
with  a  dry  atmosphere,  but  with  genial  and  plentiful  rains  in 
June,  and  again  in  the  beginning  of  August  Finally,  the 
harvest  period,  though  somewhat  broken,  was  generally  &vour- 
able. 

The  extent  of  land  under  wheat  was  reported  to  be  less  than 
in  1856  ;  but  with  a  summer  hotter  and  drier  than  usual,  though 
with  occasional  plentiful  rains  when  most  needed,  the  crop 
throughout  promised  exceedingly  well ;  and,  after  harvest,  it  was 
estimated  to  have  been  unusually  productive.  Barley  was  said 
to  cover  a  large  area,  but  to  be  generally  deficient  in  yield  per 
acre,  though  proportionally  less  so  in  the  best  corn-growing 
districts  of  the  country.  Oats  were  pronounced  to  be  decidedly 
below  their  average  productiveness. 

The  experimental  wheat  crop,  though  by  no  means  so  bulky 
as  many,  was  one  of  very  much  more  than  the  average  yield  of 
grain  per  acre. 

The  results  obtained  with  barley  are  shown  in  Table  VII. 
(p.  27). 

The  seed  was  sown  on  March  6th.  On  all  the  plots  having 
superphosphate  in  the  manure,  the  crops  were  ripe  earlier  than 
on  the  others,  and  were  cut  on  August  3rd,  the  rest  being  left 
till  August  10th.     In  April  there  was  a  sufficiency  of  rain  to 
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HAirUREa  FKU  AORR. 

PBODUCE  PER  ACRE,  fta 

Plota. 

Dressed  Com. 

Total 
Oom. 

Straw 

and 

Chafll 

Total 

Produce 

(Com  and 

Straw). 

Com 

Quantity. 

Weight 

per 
Bushel. 

to 

100 

Straw. 

7 

1  O 
40 
1  A 
4A 

4AA 

4C 

14  Tons  Farmyard  Manure 

Unmannred 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and^ 

200  lbs.  Ammonia-salts  . .  / 
Mixed  Mineral  Manure,  and) 

400  IbSa  Ammonia-salts  ..  / 
Mixed  Mineral  Manure,  andl 

2000  lbs.  Rape-cake        . .  j 

Boabelfl. 
51} 
261 
39} 

38i 

57i 
64J 
62} 

IbSL 

54«2 
52*0 
53*7 
51*9 

54*8 
53-9 
54'1 

Ibe. 
2915 
1453 
2191 
2133 

3216 
3677 
3536 

Cwts. 

27J 
36} 
33| 

Ihs. 

5564 

2878 

4111 

4118 

6336 
7734 
7241 

UO'O 
102-0 
114-1 
107*6 

103*1 
90*6 
95*4 

establish  growth;  the  summer  was  almost  throughout  hot  and 
dry,  excepting  that  there  were  some  heavy  falls  of  rain  in  June, 
and  again  in  August ;  and  the  result  was  a  crop  of  more  than 
average  bulk,  and  of  very  unusual  seeding  tendency.  In  fact, 
there  was  a  higher  proportion  of  com  to  straw,  and  higher  weight 
per  bushel  of  com,  than  in  any  other  year  of  equal  gross  produce 
per  acre.  The  season  was  remarkably  favourable  for  high 
manuring ;  and  even  the  heaviest  crops,  which  were  very  heavy, 
especially  in  the  ear^  were  very  little  laid.  Thus,  there  were, 
with  mineral  manure  and  400  lbs.  of  ammonia-salts  per  acre, 
90^  parts  of  com  for  100  of  straw,  nearly  65  bushels  of  dressed 
com  per  acre,  and  53*9  lbs.  weight  per  bushel.  Again,  with 
mineral  manure  and  2000  lbs.  rape-cake,  there  were  95^  com  to 
100  of  straw,  Q2^  bushels  of  dressed  com  per  acre,  and  a  weight 
per  bushel  of  54*1  lbs. 

The  contrast  between  this  season  and  its  produce,  and  those  of 
1854,  which  was  also  a  year  of  very  unusual  productiveness,  is 
very  great  '  Throughout  the  most  active  growing  periods  the 
temperature  was  very  much  lower  in  1854  than  in  1857.  In 
May,  1854,  there  was  about  four  times  as  much  rain  as  in  May, 
1857 ;  but  in  June  and  July  there  was  less  than  half  as  much, 
though  nearly  as  many  rainy  days.  The  consequence  was  very 
much  more  gross  produce  per  acre,  in  1854;  and,  with  the 
highest  manuring,  about  one-fourth  more  straw,  but  scarcely  as 
much  corn,  as  in  1857. 

It  would  appear  that  the  season  of  1857  was  much  more 
strikingly  favourable  for  the  barley  crop  in  the  experimental 
field  than,  according  to  the  published  reports,  it  was  estimated 
to  be  in  the  country  generally.     Thus,  the  crop  was  stated  to  be, 
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upon  the  whole,  of  barely  average  jield  per  acre  ;  though  it 
admitted  to  be  good  in  the  best  corn-growing  districts. 

Seventh  Season,  1858. 

The  last  quarter  of  1857  was  generally  mild,  with  unosuallj 
little  rain  during  the  last  two  months.  January,  1858,  was  also 
dry,  and,  during  the  last  fortnight,  cold  and  frosty.  February  was 
cold,  moderately  rainy,  with  some  snow,  sharp  frosts,  and  easterly 
winds,  which  extended  some  time  into  March ;  in  which  month 
there  was  comparatively  little  rain.  The  beginning  of  April 
was  cold,  but  most  of  the  remainder  fine,  and  even  hot ;  and  a 
moderate  amount  of  rain  fell  in  the  beginning  and  end  of  the 
month.  It  was  also  cold  in  the  beginning  of  May,  but  fine,  dry, 
and  hot  towards  the  end ;  though  with  heavy  showers,  making 
up  about  an  average  fall  of  rain  during  the  month.  June  was 
upon  the  whole  very  fine,  dry,  and  hot,  with  some  heavy  thunder- 
showers,  but  much  less  than  the  average  amount  of  rain.  In 
July  there  was  much  more  rain;  and,  though  variable,  the 
weather  was  still  upon  the  whole  fine  and  hot.  August  and 
September  were  very  fine,  with  much  less  than  the  average  fall 
of  rain.  Throughout  the  quarter  ending  with  September,  as 
also  in  June,  the  degree  of  humidity  of  the  atmosphere  ranged 
lower  than  usual. 

There  was,  therefore,  during  the  winter,  spring,  and  summer, 
upon  the  whole,  much  less  than  the  usual  amount  of  rain  \ 
though  in  February,  April,  May,  and  July,  there  were  fair 
amounts.  The  air  was  also  generally  less  humid  than  usual 
throughout  the  summer.  The  temperature,  too,  was  generally 
above  the  average  throughout  the  spring  and  summer  months, 
whilst  June  was  unusually  hot. 

Early  in  the  summer  the  appearance  of  the  wheat  plant  was 
generally  that  of  great  luxuriance,  promising  a  bulky  crop. 
The  reports  of  the  harvest  indicated  a  crop,  fully,  if  not  above, 
the  average,  though  by  no  means  equal  to  the  extraordinary 
one  of  1857.  Barley  and  oats  were  said  to  be  very  various, 
neither  likely  to  give  an  average  as  to  quantity;  and  barley 
not  very  good  in  quality. 

The  experimental  wheat  crop  was  pretty  uniformly  below 
the  average  in  quantity  of  straw,  but  the  produce  of  grain  was 
generally  above  the  average,  and  the  more  so  the  higher  the 
manuring. 

The  results  obtained  with  barley  are  shown  in  Table  VIII. 
(p.  29). 

Hitherto  we  have  been  able  to  show  the  effects  of  mixed  mineral 
manure  alone,  the  same  with  200  lbs.  ammonia-salts,  the  same  with 
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Table  VIIL — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Seventh  Season,  1858. 


MANURES,  PER  ACRE. 

PRODUCE  PER  ACRE,  fta 

Plots. 

Dressed  Corn. 

Total 
Com. 

Straw 

and 

Chaff. 

Total 

Prodace 

(Corn  and 

Straw). 

Com 

Qoantity. 

Weight 
perBuBb. 

to 

100 

Stnw. 

7 

lO 
40 
1  A 
4A 

4AA 

4C 

14  Tods  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Mannr^ 
200  lbs.  Ammouia-salta 
Mixed  Mineral  Manare,  andl 

200  lbs.  Ammonia-salts  . .  / 
Mixed  Mineral  Manure,  and^ 

200  lbs.  {})  Ammonia-salts/ 
Mixed  Mineral  Manure,  and) 

1000  lbs.  (*)  Rape-cake    . .  / 

BoBhels. 
55 

2U 
30l 

3l| 
51} 

• 

56i 
57i 

lbs, 

54-5 

53-0 

54-0 

53-0 

54-0 
53-5 
63-1 

Ibe. 
3118 
1207 
1780 
1771 

2897 
3155 
3162 

Cwta. 
31f 

io| 

16) 
15.} 

29] 
35j 
35 

lbs. 

6635 

2424 

3590 

3506 

6192 
7160 
7082 

88-7 

99-1 

98-3 

102  1 

87-9 

78-8 
80-7 

(»)  400  lbs.  the  first  6  years  (1852-7).  (*)  2000  lbs.  the  first  6  years  (1852-7). 

400  lbs.  ammonia-salts,  and  the  same  with  2000  lbs.  of  rape-cake 
per  acre.  The  crops  manured  with  400  lbs.  ammonia-salts,  and 
2000  lbs.  of  rape-cake,  were,  however,  always  obviously  too 
heavy  to  stand  up  and  ripen  well  in  other  than  most  exceptional 
seasons.  For  the  crop  of  1858,  therefore,  and  subsequently,  the 
quantity  of  rape-cake  was  reduced  from  2000  to  1000  lbs.  per 
acre.  The  quantity  of  ammonia-salts  applied  to  the  ^'  A  A  " 
plots  was,  at  the  same  time,  reduced  from  400  to  200  lbs.  per 
acre ;  and  this  dressing  was  continued  for  ten  years,  namely,  to 
1867  inclusive,  after  which  the  200  lbs.  of  ammonia-salts  was 
substituted  by  275  lbs.  of  nitrate  of  soda,  which  is  estimated  to 
contain  the  same  qusuitity  of  nitrogen.  From  this  time,  there- 
fore— 1858  and  afterwards — any  increase  *of  produce  on  plot 
4  A  A,  over  that  on  plot  4  A,  (with  only  200  lbs.  of  ammonia- 
salts  per  acre  from  the  commencement),  is,  doubtless,  in  great 
measure,  due  to  an  unexhausted  residue  of  nitrogen  supplied  in 
the  400  lbs.  of  ammonia-salts  used  annually  during  the  preceding 
six  years ;  and  it  will  afterwards  be  seen  that  there  was  a  marked 
effect  from  the  previous  excessive  manuring,  at  any  rate  over  ten 
consecutive  seasons.  In  like  manner,  the  produce  on  the  plot 
manured  with  mineral  manure  and  1000  lbs.  rape-cake  in  this 
and  subsequent  seasons,  will  be  affected  by  the  unexhausted  residue 
from  the  excessive  supply  in  the  first  six  years. 

The  seed  was  sown  on  March  20;  the  earlier  plots  were  cut 
on  August  4,  and  the  later  ones  on  August  17.  Thus,  with  a 
rather  limited,  but  still  a  sufficient,  supply  of  rain  for  the  require- 
ments of  growth,  and  a  comparatively  hot  summer  and  harvest 
period,  the  crops  ripened  somewhat  early.     There  was,  under 
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most  of  the  conditions  of  manuring,  rather  more  than  the  average 
quantity  of  straw,  more  than  the  average  proportion  of  com  to 
straw,  especially  with  the  most  liberal  manuring,  notablj  more 
than  the  average  quantity  of  com  per  acre,  and  generally  good, 
and  full  average,  weight  per  bushel.  Thus,  under  varied  con- 
ditions of  manuring,  die  season  of  1858  was,  in  most  particulars, 
one  of  more  than  average  productiveness;  but,  in  quantity  of 
total  produce,  in  proportion  of  com  to  straw,  and  especially  in 
quantity  of  com  per  acre,  it  was  considerably  below  that  of  the 
much  hotter  and  pre-eminently  corn-yielding  season  of  1857. 

The  experimental  wheat-crop  accorded  pretty  well  in  cha- 
racters with  that  of  the  country  generally ;  and  the  experimental 
barley-crop  has  much  the  characters  of  the  experimental  wheat- 
crop,  namely,  greater  superiority  in  yield  of  corn  than  in  pro- 
duce of  straw,  when  compared  with  the  average ;  but  the  barley- 
crop  of  the  country  at  large  was,  according  to  the  reports,  by  no 
means  so  good  as  that  in  the  experimental  field  is  seen  to  have 
been. 

Eighth  Season,  1859. 

The  concluding  quarter  of  1858  was  much  drier  than  usual, 
and,  during  a  considerable  portion  of  it,  it  was  very  cold.  The 
latter  part  of  December,  however,  and  January  and  February, 
1859,  were  very  fine  and  mild;  March  was  also,  upon  the  whole, 
rnild^  but  with  more  rain ;  in  April,  too,  a  good  deal  of  rain  fell, 
and  the  latter  part  of  the  month  was  stormy,  wet,  and  cold.  May 
began  with  cold,  dry,  easterly  winds ;  then  came  a  good  deal  of 
rain,  succeeded  by  fine  and  hot  weather.  During  June  there 
were  several  heavy  thunderstorms,  much  rain  fell,  and  the  air  was 
more  humid  than  usual,  though  there  was  also  some  fine  warm 
weather.  July  was,  *Upon  the  whole,  fine,  and  unusually  hot; 
but  there  were  several  severe  thunderstorms  at  the  beginning 
and  about  the  middle  of  the  month.  August  was  unsettled,  but, 
for  the  most  part,  warm,  with  a  good  deal  of  rain.  September 
was  also  unsettled,  and  cold,  with  an  excessive  amount  of  rain. 
In  July  the  dew-point  ranged  high,  but  the  temperature  rela- 
tively higher;  and,  throughout  the  quarter  ending  with  Sep- 
tember, the  degree  of  humidity  of  the  air  was  below  the  average. 

Thus,  throughout  the  winter  there  was  very  little  rain;  and, 
with  the  exception  of  the  early  part,  the  weather  was  very  mild. 
March  was  mild,  with  more  rain ;  in  April  there  was  a  full,  in 
May  a  deficient,  in  June  an  excessive,  in  July  a  moderate, 
in  August  a  full,  and  in  September  an  excessive,  supply  of  rain ; 
whilst  June  and  July  were  considerably  above  the  average  tem- 
perature, and  the  harvest  period  was  generally  unsettled,  with  a 
great  deal  of  rain,  and  for  the  most  part  warm. 
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Early  in  the  season  the  reports  of  the  crops  wete,  upon  the 
whole,  good ;  but  the  heavj  rains  of  June  laid  the  best  of  them, 
and  the  high  temperature  of  that  month,  but  especially  of  July, 
induced  premature  ripening ;  whilst,  owing  to  the  wet  and  stormy 
harvest  period,  and  a  deficiency  of  labour,  much  of  them  were  too 
long  out,  and,  especially  the  heavy  ones,  much  damaged.  Wheat 
was  eventually  pronounced  to  be  under  average,  much  injured, 
and  very  poor  in  quality :  Jbarley,  a  very  uneven  crop,  with  very 
thin  grain,  and  a  good  deal  sprouted ;  oats  also  very  deficient 

The  experimental  wheat  was  unusually  bulky  with  high 
manuring.  With  only  moderate  amounts  of  ammonia  the  quan- 
tity even  of  grain  was  not  deficient ;  but,  with  heavy  dressings 
of  ammonia  there  was,  compared  with  the  average,  a  consider- 
able deficiency  of  corn,  and  a  large  amount,  and  very  undue 
proportion,  of  straw.  The  weight  per  bushel  of  dressed  com  was 
also  throughout  very  low.  The  following  are  the  results  obtained 
with  barley: — 

Table  IX. — Quantity  and  Quality  of  Barley  on  SSelecied  Plots. 

Eighth  Season,  1859. 


Plota. 


MANURES,  PEB  ACRK 


PRODITGE  PER  ACRE;  te. 


Dressed  Oom. 


7 

lO 
40 
I  A 
4A 

4  AA 

4C 


Qnantlty. 


WelKht 
per  Bush. 


Total 
Oorn. 


14  Tods  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammoniarflalts 
Mixed  Mineral  Manure,  andj 

200  lbs.  Ammonia-salts  . .  / 
Mixed  Mineral  Manure,  andi 

200  lbs.  {})  Ammonia-salts/ 
Mixed  Mineral  Manure,  and ) 

1000  lbs.  (*)  Rape-cake   . .  f 


Bushels. 
40 
13} 
19} 
15| 

34J 
35 


lbs. 

62-5 

490 

52-5 

47'5 

610 
50-5 
51-0 


lbs. 
2362 

775 
1197 

919 

2017 
2092 
2135 


Straw 

and 

Chaff. 


Gwts. 
28} 


12i 

11} 

27} 
30; 
29} 


Total 

Prodaoe 

(Com  and 

Straw) 


lbs. 

5558 

1800 

2567 

2204 

5067 
5517 
5440 


Com 
to 
lOO 

Straw. 


73-9 
75-6 
87-4 
71'5 

66*  I 
61-1 
64*6 


(1)  400  lbs.  the  first  6  years  (1852-7). 


(')  2000  lbs.  the  first  6  years  (1852-7). 


The  seed  was  sown  on  March  3 ;  and  with,  upon  the  whole, 
mild  weather,  and  a  good  deal  of  rain,  for  a  couple  of  months, 
succeeded  bj  heavy  thunderstorms,  but  a  considerable  amount 
of  hot  weather,  the  crop  came  forward  very  early,  the  plots 
manured  with  superphosphate  being  cut  on  July  13,  and  carted 
on  August  1 ;  whilst  the  remainder  were  not  cut  until  August  8, 
and  were  carted  on  August  12.  With  the  wet  spring,  and  pre- 
mature ripening  summer,  there  was  a  considerable  deficiency  of 
total  produce,  which  showed  itself  proportionally  much  less  in 
the  straw  where  the  manure  was  liberal  than  where  it  was  de- 
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fective.  The  deficiency  in  quantity  of  com  was  tfaronglioat 
very  great,  and  tlie  weight  per  bushel  was  also  throughout  low, 
and  very  low  where  superphosphate  was  not  emplpyed.  The 
deficiency  was  the  greatest  in  both  com  and  straw,  and  par- 
ticularly in  corn,  where  the  ammonia-salts  were  used  alone ;  that 
is  to  say,  where  there  was  the  greatest  excess  of  ammonia  rela- 
tively to  the  supply  of  mineral  constituents.  The  quantity  of 
corn  under  that  manuring  was  less  than  half,  and  that  of  the 
straw  less  than  two-thirds,  the  average  ;  and  both  com  and  straw 
were  absolutely  less  than  in  any  either  preceding  or  succeeding 
season,  though  this  was  only  the  eighth  year  of  the  twenty  in 
which  no  mineral  manure  hsid  been  applied  on  that  plot.  Next 
to  the  plot  manured  with  ammonia-salts  alone,  that  continuously 
without  manure  was  proportionally  the  worst  in  this  season, 
compared  with  the  average. 

Thus,  the  general  characters  of  the  experimental  barley  crop, 
agree  with  those  of  the  experimental  wheat,  in  showing  consider- 
able deficiency  ;  greater  deficiency  in  com  than  in  straw,  and 
greater  where  the  manurial  conditions  were  the  most  defective. 
The  spring-sown  barley  suffered,  however,  more  than  the  autumn- 
sown  wheat ;  being  not  only  more  deficient  in  corn,  but  generally 
deficient  in  straw  also,  which  the  wheat  crop  was  not.  The  com- 
paratively greater  deficiency  of  total  produce  of  the  barley,  is 
probably  due  to  the  wet  and  warm  weather,  almost  from  the 
time  of  sowing.  Sowing  early  would  induce  too  much  upward, 
and  too  little  underg^und  growth,  thus  leaving  the  plant  without 
proper  soil-resources  in  its  later  stages.  The  character  of  the 
experimental  barley  accords  with  that  of  the  country  generally, 
which,  as  has  been  seen,  was  stated  to  be  uneven,  prematurely 
ripened,  and  to  yield  thin  grain,  often  sprouted. 

Ninth  Season,  1860. 

The  last  quarter  of  1859  was  very  variable  as  to  temperature, 
but  prevailingly  cold ;  and  upon  the  whole  wet  January,  1860, 
was  variable,  but  generally  mild  and  wet ;  February  was  very 
cold,  with  sharp  frosts  and  snow,  ending  with  storms  of  rain  and 
wind.  The  greater  part  of  March  was  cold,  with  heavy  showers, 
and  snow;  the  remainder  was  finer  and  warmer.  April  was 
very  cold,  with  some  snow  and  sharp  frosts;  the  beginning  of 
May  was  also  cold,  but  the  rest  of  the  month  warmer  than  usual, 
though  very  wet  June  was  very  cold  and  very  wet ;  July  also 
very  cold,  with  a  moderate  amount  of  rain,  most  of  which  fell 
after  the  middle  of  the  month ;  August  cold  and  very  wet,  and 
September  also  cold,  but  fine  in  the  early  part,  though  very  wet 
in  the  latter.     In  June,  July,  August,  and  September,  the  dew- 
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point  generally  ranged  low ;  but  with  the  unusually  low  tern* 
peratures,  the  degree  of  humidity  of  the  air  was  considerably 
above  the  average. 

Thus,  the  winter  was  alternately  very  mild  and  very  cold, 
and  upon  the  whole  very  wet.  The  spring,  summer,  and  autumn, 
were  very  stormy,  cold,  wet,  and  unseasonable ;  indeed,  more  so 
than  had  been  known  for  many  years  past 

The  crops  were  very  backward,  and  the  harvest  2,  3,  or  more, 
weeks  later  than  usual.  Wheat  was,  in  some  localities,  not 
deficient  in  bulk,  but  generally  very  much  damaged,  yielding 
but  a  small  proportion  of  grain,  and  that  of  very  low  quality. 
The  crop  was,  indeed,  very  much  below  the  average,  both  in 
quantity  and  quality.  Barley  and  oats  were  reported  to  be  bulky, 
and  generally  abundant ;  but  barley  especially  in  many  dis- 
tricts much  laid  and  damaged,  and  giving  g^in  of  inferior 
quality. 

Under  the  influence  of  the  extraordinarily  wet  and  cold  growing 
and  ripening  season,  the  wheat-crop  in  the  experimental  field 
was  very  much  below  the  average  both  in  quantity  and  quality, 
though  the  deficiency  was  proportionally  less  widi  the  heavier 
dressings.  The  crop  was  generally  worse  than  any  other, 
excepting  that  of  1853.  The  following  results  were  obtained 
in  the  experimental  barley  field : — 

Table  X. — Quantity  and  Quality  of  Barley  on  Selected  Plots. .  Ninth  Season,  1860. 


FlOtBL 


7 

10 
40 
1  A 
4A 

4AA 

40 


M AWRES»  PER  ACRE. 


PRODUCE  PER  acre;  &o. 


DrcBsed  Corn. 


Quantt^.i   ^^^i 
^         '  :  per  Bush. 


14  Tons  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  llw.  Ammonia-salts 
Mixed  Mineral  Manure,  and^ 

200  lbs.  Ammonia-salts  ../[ 
Mixed  Minei-al  Manure,  andV 

200  lbs.  Q)  Ammonia-salts  /| 
Mixed  Mineral  Manure,  andV 

1000  lbs.  (*)  Bape-€ake   . .  /' 


Bushels. 

4ia 

I3l 

26} 
43i 

461 

40| 


lbs. 

52-1 

50-8 

51-3 

50-8 

51'1 
51-0 
511 


ToUl 
Com. 


lbs. 
2319 

763 
1013 
150L 

2375 
2501 
2238 


Straw 

and 

Cbaff. 


Cwta.  . 

.3 

26| 

29 

22{ 


Total 

Prodooe 

(Oomand 

Straw). 


Iba. 

5156 

1598 

2098 

3166 

5355 

5746 
4783 


Corn 

to 

100 

Straw. 


81*7 
89-1 
93-8 
90-2 

79*7 
77*1 
87-9 


(>)  400  lbs.  the  first  6  years  (1862-7).  (•)  2000  lbs.  the  first  6  years  (185^7). 

Bad  as  were  the  seasons  of  both  1859  and  1860,  jet  they  show 
some  remarkable  contrasts.  1859  was  wet,  much  rain  falling  in 
heavy  storms,  unusually  warm,  and  very  early,  some  of  the  plots 
in  the  experimental  barley  field  being  cut  on  July  13th«     On  the 
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other  hand,  1860  was  wet,  the  rain  a  good  deal  distribated, 
unusually  cold  and  sunless,  all  crops  were  very  late,  and  the 
experimental  barley, -which  was  sown  on  March  19th,  was  not 
cut  until  September  3rd  and  4th.  In  the  wet,  warm,  and  early 
season  of  1859,  there  was  a  very  great  deficiency  of  com,  low 
weight  per  bushel,  and  comparatively  little  deficiency  of  straw, 
especially  where  the  manuring  was  liberal.  In  the  wet,  cold, 
and  late  season  of  1860,  there  was  much  less  deficiency  of  com, 
especially  with  liberal  nitrogenous  manuring,  about  as  low  a 
weight  per  bushel  as  in  1859,  and  a  somewhat  greater,  but  still 
not  great,  deficiency  of  straw.  Tbe  wet,  cold,  and  late  season, 
gave,  therefore,  upon  the  wholo,  a  much  better  crop,  and  especially 
much  more  com,  with  liberal  nitrogenous  manuring,  than  the 
wet,  warm,  and  prematurely  early  season. 

This  result  is  very  instructive,  when  it  is  borne  in  mind  that 
it  is  witii  high  temperature,  provided  there  be  a  sufficiency  and 
not  an  excess  of  rain,  that  nitrogenous  manures  the  most  strikmgly 
increase  the  produce  of  grain.  We  have  here  an  illustration 
of  the  dependence  of  the  result  on  the  mutual  adaptations  of  heat, 
moisture,  and  stage  of  growth  of  the  plant,  and  of  how  difficult 
it  is,  without  going  into  considerable  detail  as  to  each  of  these 
three  elements,  and  their  relations  to  one  another,  thoroughly 
to  anticipate,  or  to  explain,  the  influence  of  any  particular 
season.  It  will  be  remembered  that  the  very  remarkable 
productiveness  of  1854,  was  by  no  means  clearly  indicated  in 
the  general  characters  of  the  season,  as  represented  in  the 
summary  statement  of  the  meteorological  registry  for  the  period. 
Doubtless,  an  influential  element  of  the  restricted  productiveness 
in  1859,  with  the  higher  temperatures,  was  the  fact  of  their 
distribution  being  such  as  to  bring  the  plant  much  too  early  to 
maturity,  thus  shortening  its  period  of  accumulation  and  growth. 
On  the  other  hand,  the  much  better  result  witii  the  wet  and 
cold  season  of  1860,  was  probably  greatiy  due  to  the  less  active 
above-ground,  and  probably  greater  under-ground  development, 
early  in  the  season,  and  to  a  much  more  extended  subsequent 
period  of  growth. 

It  is  worthy  of  remark  that,  whilst,  with  mineral  manures  and 
ammonia-salts  or  nitrate  of  soda,  the  experimental  barley  crop 
was  so  much  better  in  yield  of  grain  in  1860  than  in  1859,  the 
experimental  wheat-crop  was,  with  similar  manures,  much 
tiie  most  deficient,  both  in  com  and  straw,  in  1860.  The 
winter-sown  wheat  having  acquired  much  more  complete  posses- 
sion of  the  soil  than  the  spring-sown  barley,  the  high  temperature 
of  the  summer  of  1859  would  in  a  mudi  less  degree  check  its 
luxuriance  and  induce  premature  ripening — that  is  much  less 
curtail   its   total   growth — and  hence,  with  liberal  nitrogenous 
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manaring  we  have,  in  its  case,  though  a  deficiency  of  com,  an 
even  more  than  average  total  produce  in  the  hot,  but  upon  the 
whole  wet,  season  of  1859 ;  whilst  with  the  barlej  there  is  a 
considerable  deficiency  of  total  produce,  and  more  deficiency 
of  corn  than  of  straw.  In  the  wet  sunless  season  of  1860,  on  the 
other  hand,  the  wheat,  which  requires  higher  temperatures  for 
its  luxuriance  than  barley,  shows  a  g^eat  deficiency  of  total  pro- 
duce, more  especially  in  the  straw ;  and  the  barley  less  deficiency 
of  total  produce,  and  very  much  less  deficiency  of  com  than 
in  1859.  Lastly,  it  is  remarkable,  that  although  under  the 
influence  of  the  rapidly  active  artificial  manures,  there  was 
such  unusual  deficiency  of  barley  grain  in  the  hot  and  early  season 
of  ]  859,  yet  in  the  same  season,  the  much  less  rapidly  active, 
but  much  more  comprehensive,  manuring  of  farmyard  dung  gave 
a  much  less  marked  deficiency. 

The  results  in  the  experimental  fields  are  in  accordance  with 
the  records  of  the  crops  in  the  country  at  large,  in  showing  1860 
to  have  been  for  wheat  a  more,  but  for  barley  a  less,  adverse 
season  than  1859. 

Tenth  Season^  1861. 

October,  1860,  was  upon  the  whole  seasonable ;  November 
very  cold,  with  a  good  deal  of  rain  ;  December  mild  at  the 
beginning,  but  otherwise,  as  also  the  greater  part  of  January 
(1861),  extremely  severe.  Many  evergreens  of  long  standing 
were  killed  during  this  period.  The  remainder  of  January  and 
February  were  much  milder,  with  comparatively  little  rain; 
though  during  the  latter  month,  as  also  pretty  continuously 
through  March,  April,  and  the  beginning  of  May,  there  was  a 
good  deal  of  cold  wind,  with  less  than  the  average  fall  of  rain. 
The  remainder  of  May  was  dry  and  fine,  and  even  hot.  June 
commenced  with  cold  wind  and  rain,  followed  by  an  interval  of 
fine  and  hot  weather,  and  then  a  good  deal  of  rain  to  the  end 
of  the  month.  July  was  generally  seasonable  as  to  temperature, 
with  less  than  the  average  fall  of  rain.  There  was  some  heavy 
rain  at  the  beginning  of  August,  but,  upon  the  whole,  the  month 
was  very  dry,  fine,  and  favourable ;  and  the  fine  weather  con- 
tinued, but  with  rather  lower  temperatures,  and  much  wind,  till 
nearly  the  end  of  September,  when  a  considerable  quantity  of 
rain  fell.  In  June,  both  the  dew  point  and  degree  of  humidity 
of  the  air  ranged  high;  but  in  July,  August,  and  September, 
they  were  not  far  from  the  average. 

Thus,  after,  upon  the  whole,  a  favourable  autumn  seed-time, 
the  winter  of  1860-61  was  unusually  severe,  and  the  young 
wheat-plant  suffered  considerably.  The  spring  of  1861  was 
for  the  most. part  dry,  with  a  good  deal  of  cold  wind ;  but  plen- 
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tlful  rains,  and  some  hot  weather,  in  June,  brought  the  growing 
crops  rapidly  forward ;  July,  August,  and  the  greater  part  of 
September,  were,  upon  the  whole,  seasonable  as  to  temperature 
and  degree  of  humidity  of  the  atmosphere,  with  less  than  the 
usual  amount  of  rain« 

The  wheat  crop  was  reported  to  be  generally  below  the  average 
in  quantity  per  acre,  owing  chiefly  to  the  loss  of  plant  during 
the  winter ;  but  it  was  much  improved  by  the  favourable  weather 
of  the  latter  part  of  the  summer,  and  the  autumn ;  and  a  fair 
average,  and,  in  many  cases,  good  quality,  compensated  some- 
what for  deficiency  of  quantity.  Spring  com  crops  were,  how- 
ever, stated  to  be  generally  good ;  both  barley  and  oats,  especially 
the  latter,  yielding  very  well. 

The  experimental  wheat  crop  was  considerably  deficient  in 
straw,  and  somewhat  so  in  grain ;  but  the  quality  of  the  latter 
was  fully  equal  to  the  average.  The  crop  was,  however,  in  all 
respects  superior  to  that  of  I860 ;  and  generally  in  yield,  but 
especially  in  quality  of  grain,  superior  to  that  of  1859  also. 

The  selected  plots  in  the  experimental  barley-field  gave  the 
following  results : — 

Table  XL — Quantity  and  Quality  of  Barley  on  Selected  Plots.  Tenth  Season,  186L 


HANUBES^  PER  ACRE. 

PRODUCE  PER  ACRE,  fta 

Plotfl. 

DreflBGdOorn. 

Total 
Oom. 

Straw 
and 

QlAffl 

Total 

Prodooa 

(Com  and 

Straw> 

Oora 

Qoantlty. 

Weight 
per  Bosh. 

to 

100 

SCrav. 

7 

10 
40 
1  A 
4A 

4AA 

4C 

14  Tons  Fannyard  Manure 

Unmanored 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  audi 

200  Ihs.  Ammonia-salts  ..f 
Mixed  Mineral  Manure,  audi 

200  lbs.  (*)  Ammonia-salts  / 
Mixed  Mineral  Manure,  and\ 

1000  lbs.  O  Rape-cake    ../ 

Boflhels. 
64 

16* 

29| 

so} 

54| 
55} 
532 

lbs. 

54*8 

62'8 

54-0 

51-5 

54-0 
63-5 
54*3 

lbs. 
3169 

941 
1648 
1745 

3059 
3169 
3111 

Cwts. 

31t 

11 

IS! 

80} 
33| 
31 

lb& 

6715 

2166 

8366 

3945 

6472 
6987 
6576 

89*4 
76-8 
95*9 
79-8 

89*6 
84*1 
89*8 

(1)  400  lbs.  the  first  6  years  (1852>7). 


{?)  2000  lbs.  the  first  6  yean  (1852-7). 


Without  manure,  there  was  less  than  the  average  amount  of 
both  corn  and  straw ;  but,  with  every  description  of  manure,  there 
was  more  than  the  average  quantity  of  straw,  and  with  every 
description  (excepting  by  ammonia-salts  alone)  more  than  the 
average  quantity  of  com ;  and  with  liberal  manuring,  whether 
in  the  form  of  farmyard  dung,  rape-cake,  or  mixed  mineral 
manure  and  ammonia-salts,  considerably  more.     The  weight  per 
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bushel  of  dressed  corn  was  also,  in  most  cases,  fully  equal  to  the 
average. 

Thus,  although  the  winter-sown  wheat  had  given  less  than  an 
average  yield,  the  spring-sown  barley  gave  much  more  than 
an  average.  The  wheat  had  suffered  from  the  severity  of  the 
winter,  which  would  doubtless  be  favourable,  rather  than  other- 
wise, so  far  as  the  condition  of  the  land  for  the  barley  was 
concerned.  Both  were  subjected  to  the  influence  of  a  dry,  cold, 
and  backward  spring,  which  would  tend  to  root-development 
rather  than  early  aboveground  luxuriance.  Plentiful  rains  fol- 
lowing in  June,  and  again  at  the  beginning  of  Aug^t,  with, 
upon  the  whole,  seasonable  temperatures  throughout  the  greater 
part  of  June,  July,  and  August,  conditions  favourable  for  both 
crops  were  supplied.  Hence,  notwithstanding  a  deficient  plant, 
the  wheat  turned  out  better  than  was  expected ;  and  the  barley 
being  not  too  forward  in  its  early  stages,  and,  under  the  conditions 
of  season,  probably  well  rooted,  gave,  upon  the  whole,  a  much 
more  than  average  crop,  especially  of  grain.  It  should  be  added, 
that  the  riper  crops,  those  with  superphosphate  of  lime  in  the 
manure,  were  not  cut  until  August  20th  and  21st,  and  the  re- 
mainder not  until  August  27th.  The  earlier  crops  were,  for 
the  most  part,  a  little  laid,  but  none  seriously. 

It  will  be  seen  that  these  results,  obtained  in  the  experi- 
mental fields,  accord  very  well  with  those  reported  in  regard  to 
the  crops  of  the  country  at  large. 


Eleventh  Season^  1862. 

October,  1861,  was  generally  mild,  fine,  and  dry ;  November 
inclement,  with  an  excess  of  rain,  and  unusually  low  tempera- 
ture. December  was,  upon  the  whole,  warmer  and  drier  than 
the  average,  but  with  a  good  deal  of  cold  wind  towards  the  end. 
January  and  February  (1862)  were,  upon  the  whole,  fine  and 
dry,  with  a  good  deal  of  warmer,  and  but  littfe  of  colder,  weather 
than  usual.  The  beginning  of  March  was  frosty,  but  the  greater 
part  unusually  mild  and  wet  April  was  variable,  with  some 
unseasonably  cold,  but  a  good  deal  of  warm,  weather;  and  a 
full  average  amount  of  rain.  May  was  extremely  wet,  and,  in 
the  early  part  especially,  unusually  warm.  June,  July,  and 
August  were,  almost  throughout,  unsettled,  with  a  good  deal  of 
wind  and  rain,  and  unusually  low  temperatures,  the  nights 
especially  being  frequently  very  cold ;  and  although  the  atmo- 
sphere contained  less  than  the  average  actual  amount  of  moisture, 
the  degree  of  humidity  of  the  air  was,  with  the  low  tempera- 
tures, not  correspondingly  low.     September  was  also  variable, 
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with  a  good  deal  of  rain  at  the  beginning  and  end  of  the  mooft, 
but  with  fine  and  warm  weather  intermediately. 

The  winler  of  1861-2  was,  therefore,  upon  the  whole,  nukL 
The  spring  was  variable  as  to  temperature,  upon  the  whole 
warmer  than  usual,  and  very  wet  The  summer  was  nnsettled, 
stormy,  cold,  and  wet. 

The  wheat  crop  of  the  country  was  almost  universally  reported 
to  be  under  the  average,  in  many  cases  root-fallen,  and  also  modi 
mildewed.  Barley  was  stated  to  Be  about,  or  scarcely,  an  aver^; 
oats  a  fair  average. 

The  experimental  wheat  crops  were,  where  the  manuring  vas 
not  excessive,  fully  equal  to  the  average  in  both  quantity  and 
quality  of  grain,  but,  upon  the  whole,  barely  average  in  amoias 
of  straw. 

The  following  results  were  obtained  in  the  experimental  barler- 
field  :— 

Table  XII. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Eleventh  Season,  1862. 


PloU. 


MANUKES,  PEU  ACRE. 


7 

1  O 
40 
I  A 
4  A 

4AA 

4C 


PRODDCE  FEB  AGUE;  ftc 


DreflscMl  Corn. 


Qaaadty 


1 4  Tons  Farm-yard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salu 
Mixed  Mineral  Manure,  andl 

200  IbB.  Ammonia-salts  ../ 
Mixed  Mineral  Manure,  and^ 

200  lbs.  {})  Ammonia-salts  / 
Mixed  Mineral  Manure,  and\ 

1000  lbs.  (')  Rape-cake    . .  j 


BosbeU. 

49} 

lej 

251 

di| 

47t 
48i 
45} 


Weiglit 
per  Bush. 


Total 
Com. 


lbs. 
54-8 
60-8 
62-0 


IbB. 
2936 

899 
1428 


49-4  I  1821 

54*0  !  2725 

I 
54*0  '  2824 

54<0  >  2634 


Straw 

and 

Chaff. 


CwtiL 
84J 

n 

13* 

20j 

31} 
83i 

28} 


Total 


(Oom  and 
Straw). 


On 

to 


6774 
1987 
2941 
4I06 

6273 
65S9 


:«-3 

76-2 


5872   81-4 


(1)  400  lbs.  the  first  6  years  (l852-7> 


(')  2000  Ibft.  the  first  6  years  (185>-7.. 


As  has  been  stated,  March  was  unusually  wet;  the  seed  was 
not  sown  until  April  16th;  the  earlier  plots  (those  with  8Qpe^ 
phosphate)  were  not  cut  until  August  22nd,  and  the  remainder 
not  until  September  1st.  Excepting  without  manure,  and  with 
mineral  manure  alone,  the  quantity  of  barley-grain  per  acre  was 
either  close  upon,  or  over,  tne  average  of  the  20  years  ;  and  the 
weight  per  bushel  of  dressed  com  was  also,  in  most  cases,  folly 
or  over  the  average.  The  superiority  was  the  most  marked  with 
farmyard  manure ;  and  with  it  there  was  the  greatest  excess  of 
straw  as  well  as  com«  With  rape-cake,  on  the  other  hand,  there 
was  a  slight  deficiency  of  both  straw  and  corn,  the  crops  bdog 
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more  laid  than  any  of  the  rest     With  the  more  liberal  artificial 
manures  there  was,  however,  fully  or  over  the  average  quantity 
of  both  com  and  straw.      Upon  the  whole,  therefore,  notwith- 
standing the  prevailing  coldness  and  wetness  of  the  summer, 
the  experimental  barley-crop  was  somewhat  over  average,  in  both 
quantity  and  quality,  under  liberal  conditions  of  manuring.   The 
barley-crop  ot  the  country  generally  was  pronounced  to  have 
l>een  much  less  injuriously  affected  than  wheat,  and  to  have  been 
about,  whilst  the  latter  was  seriously  below,  the  average.     The 
experimental  wheat,  however,  as  well  as  the  experimental  barley, 
turned  out  to  be  rather  over  the  average. 


Twelfth  Season^  1863. 

October,  1862,  was  unusually  warm,  but  with  a  good  deal  of 
wind  and  rain.     November  was  cold,  with  comparatively  little 
rain.    December,  and  January  and  February  1863,  were  unusually 
mild,  with  a  fair  amount  of  rain  in  December,  a  good  deal  in 
January,  and  but  little  in  February.    March  was,  upon  the  whole, 
mild,  with  but  little  rain,  and  wheat  showed  unusually  forward 
growth.     April  was  very  dry  and  warm.     In  May  there  were 
some  refreshing  rains,  though  only  a  small  total  fall,  but  the 
temperature  was  occasionally  extremely  low,  and  pretty  nearly 
throughout  rather  below  the  average,  with  frequent  storms  of 
wind.    The  temperature  in  June  was  also  generally  rather  below 
the  average,  and  there  was  a  great  deal  of  rain,  which,  though 
needed,  and  much  aiding  growth,  was  so  heavy  as  to  lay  the  most 
forward  and  bulky  crops.     In  J  uly  there  was  much  less  rain  than 
usual,  with  moderately  high  day  but  low  night  temperatures,  and 
some  sharp  night  frosts.     August,  with  only  moderate  tempera- 
ture, and  about  the  usual  amount  of  rain,  was,  upon  the  whole, 
favourable  for  ripening  and  for  harvest     In  September  a  good 
deal  of  rain  fell,  and  the  temperature  ranged  rather  low.     In 
June  the  condition  of  the  atmosphere  as  to  moisture  was  about 
the  average  for  that  month.     In  July,  August,  and  September, 
both  the  actual  amount  and  the  degree  of  humidity  were  below 
the  average. 

Thus,  the  winter  and  early  spring  were  generally  very  mild, 
with,  upon  the  whole,  less  than  the  usual  fall,  but  in  January  an 
excess  of  rain.  The  remainder  of  the  spring  included  some 
warmer,  but  more  colder  weather  than  usual,  and  there  was,  upon 
the  whole,  a  deficiency  of  rain.  The  early  summer  was  also  cool, 
with  more,  and  some  heavy  rain.  From  that  time  to  harvest, 
though  the  temperature  was  seldom  high,  it  was  (excepting  some 
night-frosts   in  July)  generally  sufficient,  the  fall  of  rain  was 
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with  a  good  deal  of  rain  at  the  beginning  and  end  of  the  month, 
but  with  fine  and  warm  weather  intermediately. 

The  winler  of  1861-2  was,  therefore,  upon  the  whole,  mild. 
The  spring  was  variable  as  to  temperature,  upon  the  whole 
warmer  than  usual,  and  very  wet  The  summer  was  unsettled, 
stormy,  cold,  and  wet 

The  wheat  crop  of  the  country  was  almost  universally  reported 
to  be  under  the  average,  in  many  cases  root-fallen,  and  also  much 
mildewed.  Barley  was  stated  to  be  about,  or  scarcely,  an  average ; 
oats  a  fair  average. 

The  experimental  wheat  crops  were,  where  the  manuring  was 
not  excessive,  fully  equal  to  the  average  in  both  quantity  and 
quality  of  grain,  but,  upon  the  whole,  barely  average  in  amount 
of  straw. 

The  following  results  were  obtained  in  the  experimental  barley- 
field  :— 

Table  XII. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Eleventh  Season,  1862. 


Plots. 


7 

1  O 
40 
1  A 
4A 

4AA 

4C 


MAinJKES,  PKU  ACRE. 


PRODDCE  PER  ACKE;  ftc. 


DresscMl  Oorn. 


Qoantity. 


1 4  Tods  Farm-yard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  audi 

200  lbs.  Ammonia-salts  ../ 
Mixed  Mineral  Manure,  and^ 

200  lbs. {})  Ammonia-salts/ 
Mixed  Mineral  Manure,  and\ 

1000  lbs.  (•)  Rape-cake    . .  j 


Busbela. 
49} 
16| 
25J 
31 


47f 
48} 
45} 


Weight 
per  Bush. 


lbs. 

54-8 

50-3 

52-0 

49-4 

64-0 
54-0 
54'0 


Total 
Oom. 


lbs. 
2936 

899 
1428 
1821 

2725 
2824 
2634 


Straw 

and 

Chaff. 


Cwto. 
34i 
91 

\^ 

20| 
Sl{ 

831 

28} 


Total  Oom 

Prodnoe  to 

(Oom  and  lOO 

Straw).  I  Straw. 


6774 
1987 
2941 
4106 


76-5 
82-6 
94*4 
79-7 


6273  i  76*8 
6529  '  76*2 
5872       81-4 


(>)  400  lbs.  the  first  6  years  (1852- 7>  (')  2000  lbs.  the  first  6  years  (185^7). 

As  has  been  stated,  March  was  unusually  wet;  the  seed  was 
not  sown  until  April  16th;  the  earlier  plots  (those  with  supei^ 
phosphate)  were  not  cut  until  August  22ndy  and  the  remainder 
not  until  September  1st.  Excepting  without  manure,  and  with 
mineral  manure  alone,  the  quantity  of  barley-grain  per  acre  was 
either  close  upon,  or  over,  the  average  of  the  20  years ;  and  the 
weight  per  bushel  of  dressed  com  was  also,  in  most  cases,  fully 
or  over  the  average.  The  superiority  was  the  most  marked  with 
farmyard  manure ;  and  with  it  there  was  the  greatest  excess  of 
straw  as  well  as  corn*  With  rape-cake,  on  the  other  hand,  there 
was  a  slight  deficiency  of  both  straw  and  corn,  the  crops  being 
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more  laid  than  any  of  the  rest.  With  the  more  liberal  artificial 
manures  there  was,  however,  fully  or  over  the  average  quantity 
of  both  com  and  straw.  Upon  the  whole,  therefore,  notwith- 
standing the  prevailing  coldness  and  wetness  of  the  summer, 
the  experimental  barley-crop  was  somewhat  over  average,  in  both 
quantity  and  quality,  under  liberal  conditions  of  manuring.  The 
barley-crop  of  the  country  generally  was  pronounced  to  have 
been  much  less  injuriously  affected  than  wheat,  and  to  have  been 
about,  whilst  the  latter  was  seriously  below,  the  average.  The 
experimental  wheat,  however,  as  well  as  the  experimental  barley, 
turned  out  to  be  rather  over  the  average. 


Twelfth  Season,  1863. 

October,  1862,  was  unusually  warm,  but  with  a  good  deal  of 
wind  and  rain.  November  was  cold,  with  comparatively  little 
rain.  December,  and  January  and  February  1863,  were  unusually 
mild,  with  a  fair  amount  of  rain  in  December,  a  good  deal  in 
January,  and  but  little  in  February.  March  was,  upon  the  whole, 
mild,  with  but  little  rain,  and  wheat  showed  unusually  forward 
growth.  April  was  very  dry  and  warm.  In  May  there  were 
some  refreshing  rains,  though  only  a  small  total  fsill,  but  the 
temperature  was  occasionally  extremely  low,  and  pretty  nearly 
throughout  rather  below  the  average,  with  frequent  storms  of 
wind.  The  temperature  in  June  was  also  generally  rather  below 
the  average,  and  there  was  a  great  deal  of  rain,  which,  though 
needed,  and  much  aiding  growth,  was  so  heavy  sis  to  lay  the  most 
forward  and  bulky  crops.  In  July  there  was  much  less  rain  than 
usual,  with  moderately  high  day  but  low  night  temperatures,  and 
some  sharp  night  frosts.  August,  with  only  moderate  tempera- 
ture, and  about  the  usual  amount  of  rain,  was,  upon  the  whole, 
favourable  for  ripening  and  for  harvest.  In  September  a  good 
deal  of  rain  fell,  and  the  temperature  ranged  rather  low.  In 
June  the  condition  of  the  atmosphere  as  to  moisture  was  about 
the  average  for  that  month.  In  July,  August,  and  September, 
both  the  actual  amount  and  the  degree  of  humidity  were  below 
the  average. 

Thus,  the  winter  and  early  spring  were  generally  very  mild, 
with,  upon  the  whole,  less  than  the  usual  fall,  but  in  January  an 
excess  of  rain.  The  remainder  of  the  spring  included  some 
warmer,  but  more  colder  weather  than  usual,  and  there  was,  upon 
the  whole,  a  deficiency  of  rain.  The  early  summer  was  also  cool, 
with  more,  and  some  heavy  rain.  From  that  time  to  harvest, 
though  the  temperature  was  seldom  high,  it  was  (excepting  some 
night-frosts   in  July)  generally  sufficient,  the  fall  of  rain  was 
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considerably  below  the  average,  and  the  atmosphere  comparatively 
dry. 

With  these  characters  of  season,  the  wheat  crop  of  1863  was 
almost  unanimously  reported  to  be  considerably  above  the  average, 
both  in  quantity  and  quality.  Indeed,  such  a  yield  per  acre  bad 
not  been  known  for  very  many  years.  The  plant  came  very  early 
forward,  had  refreshing  though  limited  rains  in  its  early  stages, 
received  comparatively  few  checks,  and  with  a  somewhat  cool 
but  sufficiently  warm  summer,  with  little  rain  and  a  comparatively 
dry  atmosphere  during  the  latter  stages  of  growth,  and  the  ripening 
and  harvest  periods,  there  was  a  lengthened  and  almost  unbroken 
course  of  gradual  accumulation.  Spring-sown  crops,  especially 
barley,  were  reported  to  be  less  uniformly  good — those  that  were 
late  sown  having  suffered  for  want  of  rain  in  the  early  stages  of 
growth.  Still,  both  barley  and  oats  were  considered  to  be  rather 
over  the  average. 

The  experimental  wheat  crop  of  1863  was  the  twentieth  in 
succession  on  the  same  land,  yet  it  proved  to  be  in  quantity  of 
both  grain  and  straw  by  far  the  most  productive,  and  in  quality 
of  grain  nearly  the  best,  hitherto.  It  even  considerably  exceeded 
both  1854  and  1857,  which  also  were  years  of  extraordinary 
yield.  It  was  a  very  favourable  season  for  the  action  of  ammonia- 
salts,  giving  more  total  produce,  and  especially  more  com,  for  a 
given  amount  of  ammonia  applied,  than  was  obtained  in  any  odier 
year.  The  following  are  the  results  obtained  on  the  selected 
plots  in  the  experimental  barley  field : — 

Table  XIII. — Quantity  and  Quality  of  Barley  on  Selected  Plots.  Twelfth  Season,  1863. 


Plots. 


7 

10 
40 
1  A 

4A 

4  A  A 
4C 


MANURES,  PER  ACRE! 


PRODUCE  PER  ACRE,  to. 


Dressed  Corn. 


Quantity. 


14  Tons  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  AmmoDia-salts 
Mixed  Mineral  Manure,  and  1 

200  lbs.  Ammonia-salts  .. ) 
Mixed  Mineral  Manure,  andl 

200  lbs.  {})  Ammonia-salts  / 
Mixed  Mineral  Manure,  and\ 

1000  lbs.  (*)  Rape-cake   . .  / 


Bushels. 
59} 
22} 
33 
42] 

55| 
59} 
54} 


Weight  I 
per  Bush. 


Total 
Oom. 


lbs. 

57-2 

53*6 

64'8 

53-6 

56-5 
56*4 
56'7 


lbs. 
3473 
1276 
1868 
2406 

3210 
3429 
3159 


Straw 

and 

Chaff. 


Cwt^ 
331 

21J 
32 

34} 

30} 


Total 

Produoe 

(Com  and 

Straw). 


lbs. 

7185 

2545 

3596 

4806 

6791 
7323 


Oom 
to 
100 

Stnv. 


93*6 
100-5 
lOS'l 
lOO'S 

89*6 
881 


6599  i  91-8 


Q)  400  lbs.  the  first  6  years  (1852-7). 


CO  2000  lbs.  the  first  6  year*  (1852-7). 


The  barley  was  sown  on  March  1 1 ;  the  forwardest  plots  were 
cut  on  Augast  10  and  carted  on  August  14,  and  the  remainder 
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cut  on  August  15  and  carted  on  August  24.     The  seed  was  in, 

therefore,  though  not  early,  still  in  good  time ;  and,  with  a  mild 

but  comparatively  dry  spring,  the  plant  would  probably  distribute 

its  feeders  well  through  the  soil,  and  with  liberal  rain  in  June, 

but  no  unduly  forcing  weather  at  any  time,  and  favourable  ripening 

and  harvest  periods,  the  result  was,  though  not  as  with  wheat  in* 

all   respects  the   best  crop   hitherto,  still   one  much   over   the 

average.      It  was  so,  especially  in  quantity  and  proportion  of 

^rain,  whilst  in  quality,  indicated  by  weight  per  bushel,  it  was 

actually  the  best  up  to  that  time  ;  but,  as  will  be  seen,  it  has  been 

exceeded  on  this  point  in  several  seasons  since.     In  quantity  of 

straw  it  was  also  over  average.     As  in  the  case  of  wheat,  the 

season  was  peculiarly  favourable  for  the  action  of  ammonia  salts — 

indeed,  for  all  high  manuring — the  farmyard  manure  giving  not 

only  considerably  more  than  average  total  produce,  but,  both  as 

to  quantity  and  quality  of  com,  a  better  result  than  in  any  other 

season  hitherto.    Without  manure,  or  with  purely  mineral  manure, 

the  amount  of  produce  of  both  com  and  straw  has  been  exceeded 

in   several  seasons ;  but  with  mineral  and  nitrogenous  manures 

together,  the  only  years  that  exceeded  or  closely  approached  1863 

were,  in  produce  of  com,  1854, 1857,  and  1864 ;  but,  in  produce 

of  straw,  1854  the  most  strikingly,  and  less  so  1855,  1861,  1862, 

1864,  1869,  and  1871. 

A  comparison  between  the  characters  of  the  seasons  of  1854 
and  1863,  the  former  yielding,  with  high  manuring,  generally 
fully  as  much  or  more  com,  and  considerably  more  straw,  than  the 
latter,  will  usefully  illustrate  upon  what  conditions  the  very 
favourable,  but  still  very  different  results  of  the  two  seasons 
depended.  In  1854,  which  gave  much  the  larger  quantity  of 
total  produce  of  barley  (com  and  straw  together),  the  winter 
having  been  very  severe,  the  land  was  worked  and  the  seed  was 
sown  very  early ;  there  was  considerably  less  than  half  the 
average  amount  of  rain  in  March,  April,  June,  and  July,  with 
nearly  double  the  usual  amount  in  May.  In  1863,  on  the  other 
hand,  the  seed  was  not  in  so  early  ;  there  was  only  about  half  the 
usual  amount  of  rain  in  March,  April,  May,  and  July,  with 
nearly  double  the  usual  amount  in  June.  In  both  years  there 
was  in  August  about  the  average  amount  of  rain.  Almost 
throughout  the  six  months  enumerated,  1863  was  slightly  the 
warmer  of  the  two,  though  both  were  rather  warmer  than  usual 
in  the  early  spring,  and  rather  cooler  than  usual,  but  with  a  dry 
atmosphere,  in  the  summer.  Thus,  both  seasons  were,  throughout 
the  greater  part  of  the  period  of  growth,  comparatively  dry  and 
temperate ;  but  each  had,  at  one  period,  a  large  fall  of  rain,  which, 
in  1854,  yielding  the  largest  amount  of  total  produce,  came  in 
May,  whilst  in  1863  it  did  not  come  until  June.     It  is  worthy  of 
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remark^  that  with  the  winter-sown  wheat  the  result  was  reversed ; 
for  with  it  the  larger  produce  of  both  com  and  straw — indeed 
the  largest  ever  obtained-— was  in  1863.  The  difiTerence  is,  how- 
ever, explicable  by  the  very  different  characters  of  the  winters  in 
the  two  cases.  The  winter  of  1853-4  was  unusually  severe,  and 
the  wheat-plant  backward  in  the  early  spring ;  whereas  the  winter 
of  1862-3  was  mild,  with  a  good  deal  of  rain  in  January,  and 
the  plant  was  very  forward  in  the  spring.  It  would,  therefore, 
the  less  require  liberal  rains  before  June  than  the  spring-sown 
barley,  and  would  be  in  a  better  state  for  benefitting  by  the 
generally  favourable  climatic  conditions  of  the  spring  and  summer 
than  the  less  forward  wheat-plant  of  1854. 

Thirteenth  SecLson^  1864. 

October,  November,  and  December,  1863,  were  warmer  than 
usual,  with  about,  but  upon  the  whole,  less  than  the  average 
amount  of  rain.  January  and  February,  1864,  though  including 
sofne  abnormally  warm  intervals,  embraced  longer  periods  of 
very  cold  and  wintry  weather,  which  checked  forward  vegetation ; 
there  was  considerably  less  than  the  average  fall  of  rain  in 
January,  and  a  very  small  fall,  including  snow,  in  February.  In 
March  the  rainfall  was  large — the  first  half  of  the  month  generally 
warm,  the  latter  half  cold — and,  upon  the  whole,  the  quarter  had 
been  very  variable,  colder  than  usual,  with  many  alternations  from 
frost  to  thaw.  April  and  May  were,  for  the  most  part,  warm, 
with  less  than  the  average  amount  of  rain ;  but  the  end  of  May 
and  nearly  the  whole  of  June  were  comparatively  cold,  but  with 
little  rain.  There  was  very  unusually  little  rain  in  July  and 
August,  but  an  excess  in  September.  The  day-temperatures 
generally  ranged  high  in  July,  but  about  the  average  in  August 
and  September;  whilst  the  night-temperatures  were  somewhat 
below  the  average  in  July,  much  below  in  August,  and  about 
the  average  in  September.  In  June  and  July  the  dew-point  was 
below,  and  in  August  very  much  below,  the  average.  The 
degpree  of  humidity  of  the  air  was  in  June  low,  in  July  about 
the  average,  and  in  August  very  remarkably  below  the  average. 

Thus,  the  winter  was  very  variable,  including  a  good  deal  of 
warm,  but  also  much  very  cold  and  wintry  weather,  though  with 
comparatively  little  rain.  The  spring,  though  changeable  and  wet 
at  the  beginning,  was,  upon  the  whole,  warm  and  dry ;  June  was 
cold  and  dry,  whilst  the  rest  of  the  sOmmer  was  hot  in  the  day 
and  cold  at  night,  with  very  little  rain,  and  in  August  especially 
a  very  dry  atmosphere. 

The  wheat  crop  of  the  country  proved  to  be,  in  quantity,  much 
above  the  average  on  good  soils,  but  below  the  average  on  poor 
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soils,  and  in  quality  generallj  above  tlie  average.  Barley  was 
reported  to  be  very  unequal^-good  on  good  soils,  stunted  and 
poor  on  light  soils — and,  owing  to  the  summer  drought,  the  early 
generally  much  better  than  the  late  sown ;  upon  the  whole,  how- 
ever, over  average.  Oats  irregular,  short,  deficient  in  yield,  and 
generally  much  below  average  in  quantity.  Roots  generally  a 
failure. 

The  experimental  wheat  crop,  though  by  no  means  equal  to 
the  extraordinary  one  of  1863,  was  nevertheless  considerably 
above  the  average  both  in  quantity  and  quality  of  grain,  espe- 
cially under  liberal  manuring;  it  was  also  much  above  the 
average  in  quantity  of  straw.  The  following  results  were  obtained 
in  the  experimental  barley  field : — 

Table  XIY. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Thirteenth  Season,  1864. 


MAMUKKH,  PER  ACRE. 

PRODUCE  PER  ACRE,  Ac. 

Plota. 

Dreosed  Oom. 

Total 
Corn. 

Straw 

and 

Cbaif. 

Cwta. 
37i 
12} 
16} 
20} 

34J 
371 
341 

Total 

Produce 

(Oom  and 

Straw). 

Coma 

Quntity. 

Weight 
per  Bush. 

to 

100 

Straw. 

7 

lO 
40 
1  A 
4  A 

4AA 

4C 

14  Tons  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and"! 

200  lbs.  Ammonia-salts  ..  / 
Mixed  Mineral  Manure,  and^t 

200  lbs.  (^)  Ammonia-salts  j 
Mixed  Mineral  Manure,  and\ 

1000  lbs. (')  Rape-cake    ../ 

BoBhela. 
62 
24 
33} 
38i 

55} 
56| 
53 

1 

1 

lbs. 

57'4 

55-7 

57*3 

55*4 

57-6 
67-6 
67-2 

lbs. 
3672 
1379 
1949 
2258 

3316 
3299 

1 
1 

'  3153 

lbs. 

7852 

2809 

3829 

4533 

7225 
7469 
7061 

87-8 

96-4 

103-7 

99-2 

84-8 
79«l 
80-7 

(^)  400  lbs.  the  first  6  years  (1852-7).  (')  2000  lbs.  the  first  6  years  (1852-7). 

The  seed  was  sown  on  March  2f)tb,  the  most  forward  plots 
were  cut  on  August  11th,  and  carted  on  August  13th;  and  the 
remainder  cut  on  August  17th,  and  carted  on  August  18th. 
The  sowing  was,  therefore,  rather  late ;  but,  with  a  hot  and  dry 
ripening  period,  the  harvest  was  moderately  early.  There  had 
been  a  good  deal  of  rain  in  March ;  but,  from  that  time  up  to 
harvest,  very  little.  With  the  exception  of  June,  which  was 
cold,  the  spring  and  summer  were  generally  warm,  and  the 
ripening  period  characterized  by  a  very' dry  atmosphere.  Not- 
withstanding the  prevailing  warmth  and  dryness  of  the  growing 
periods,  all  the  experimental  plots  gave  very  considerably  more, 
of  both  corn  and  straw,  than  the  average.  Of  corn  there  was 
generally  more  than  in  any  other  year  of  the  20,  excepting  1863 
and  1854  ;  and  with  farmyard  manure,  by  the  use  of  which  there  is 
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so  much  accumulation  in  the  soil,  more  than  in  any  year  of  the 
20.  The  weight  per  bushel  was  also  much  above  the  average ; 
throughout  higher  than  in  1863,  with  few  exceptions  as  high  as, 
and  in  some  cases  higher  than,  in  any  other  year.  The  experi- 
mental barley  crop  was,  therefore,  one  of  large  produce  of  straw, 
indicating  considerable  luxuriance  of  growth ;  of  exceptionally 
large  produce  of  grain,  which  was  of  very  exceptionally  high 

S[uality.  It  is  probable  that,  with  the  wet  March,  the  plant 
ound  sufiScient  moisture  in  the  soil  for  the  requirements  of  its 
early  growth ;  that,  owing  to  the  distribution  of  the  compara- 
tively small  total  fall  during  the  rest  of  the  season,  it  was  suffi- 
cient under  those  preliminary  conditions ;  that  the  low  tempe- 
rature of  June  prevented  over  luxuriance;  that  the  cold  nights, 
alternating  with  the  hot  days,  of  July,  prevented  premature 
ripening ;  and  that  the  dry  atmosphere  during  the  final  stages 
contributed  to  the  high  perfection  of  the  grain. 

These  very  favourable  results  in  the  experimental  field  are  not 
inconsistent  with  the  record  of  the  barley  crops  in  the  country  at 
large  ;  for,  though  it  was  admitted  that  on  light  soils,  and  where 
sown  late,  the  crop  was  very  poor,  it  was  equally  admitted  that, 
under  more  favourable  conditions  in  these  respects,  it  was  very 
good. 

Fourteenth  Season,  1865. 

After  a  rather  wet  September,  but  a  very  low  aggregate  rain- 
fall during  the  first  9  months  of  the  year,  the  concluding  quarter 
of  1864  was  also  characterized  by  less  rain  than  usual.  The 
deficiency  was  very  considerable  in  October  and  December, 
though  there  was  rather  an  excess  in  November.  As  to  tempe- 
rature, the  period  was  very  variable,  with  a  good  deal  of  cold 
weather.  There  were  occasionally  very  high  winds  ;  whilst  the 
degree  of  humidity  of  the  air  was  very  unusually  low  in  October, 
and  somewhat  low  in  November  and  December  also.  In 
January,  1865,  there  was  a  considerable,  and  in  February  a 
slight  excess,  but  in  March  a  deficiency  of  rain  (including 
snow) ;  though,  throughout  the  quarter,  the  number  of  rainy 
days  was  small.  Excepting  the  first  half  of  January,  the  greater 
part  of  which  was  warm,  the  quarter  was  almost  throughout 
unusually  stormy  and  cold,  with  a  good  deal  of  snow  ;  March  in 
particular  was  generally  very  exceptionally  cold  and  inclement 
In  April  and  June  very  little  rain  fell ;  whilst  in  May  and  July 
there  was  an  excess,  and  in  August  a  very  great  excess.  In 
September,  however,  the  fall  was  very  exceptionally  small. 
April,  May,  and  the  beginning  of  June,  were  much  warmer 
than  the  average,  but  the  remainder  of  June  was  variable,  and, 
upon  the  whole,  rather  cold.     The    mean    temperature  of  the 
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quarter,  and  especially  of  April ,  was,  however,  the  highest  ou 
record  for  that  period  of  the  year;  and  the  air  was  pretty  uniformly 
much  drier  than  the  average ;  the  rain  which  fell  being  little  dis- 
tributed, coming  for  the  most  part  in  heavy  showers.  July,  with 
an  excess  of  rain,  was  also  warmer  than  usual.  The  greater  part 
of  August  was  not  only  extremely  wet,  but  rather  colder  than 
usual ;  whilst  September  was  both  the  driest  and  hottest  on 
record  ;  completing,  notwithstanding  the  comparatively  low  tem- 
perature of  August,  a  hotter  period  of  6  months  than  any  other 
known.  In  each  month,  too  (excepting  August,  when  it  was  very 
high),  the  degree  of  humidity  of  the  air  was  generally  very  low. 

The  winter  of  1864-5,  though  variable,  was,  therefore,  upon 
the  whole,  very  cold,  stormy,  and  inclement ;  the  early  spring 
unusually  cold  and  backward ;  but  the  remainder,  and  greater 
part,  was  very  warm,  with  a  dry  atmosphere ;  though,  towards 
the  end,  some  heavy  rains  fell,  and  the  combined  conditions 
brought  the  crops  very  rapidly  forward.  June  was  also  dry,  hot 
at  the  beginning,  though  afterwards  comparatively  cool ;  July 
was  hot,  with  a  good  deal  of  rain,  but,  upon  the  whole,  a  dry 
atmosphere ;  the  greater  part  of  August  was  cool  and  very  wet,  but 
the  remainder,  and  September,  very  hot  and  dry,  favouring  the 
rapid  completion  of  the  hitherto  much  retarded  harvest  work. 
Thus,  after  a  severe  winter  and  late  spring,  the  growing  period 
was  characterized  by  great  heat,  dryness  of  atmosphere,  and  a 
deficient  amount  and  distribution  of  rain ;  the  ripening  period 
by  an  excess  of  rain,  followed,  however,  by  an  eventually  favour- 
able, though  late  harvest  time. 

The  wheat  crop  of  the  country  was  reported  to  be  very 
variable ;  good  on  clays  and  land  in  good  condition,  but  poor 
on  light  and  badly  farmed  soils ;  in  the  aggregate  about,  or 
slightly  under,  average  as  to  quantity ;  variable,  and,  upon  the 
whole,  only  moderate  in  quality.  Barley  was  said  to  be  the  best 
of  the  cereals,  but  inferior  on  light  lands ;  oats  the  poorest  crop 
for  many  years  past. 

The  experimental  wheat  crop  was,  in  quantity  of  corn,  much 
below  the  average  on  the  poorly  manured,  but  considerably  above 
it  on  the  highly  manured  plots.  The  weight  per  bushel  of 
dressed  com  was,  throughout,  above  the  average ;  but  the  quan- 
tity of  straw  was  almost  throughout  considerably  below  average, 
though  proportionally  the  less  so  the  higher  the  manuring. 
The  results  obtained  in  the  experimental  barley-field  are  shown 
in  Table  XV.  (p.  46). 

The  wintry  weather  of  March  delayed  all  spring  sowing,  and 
the  experimental  barley  was  not  put  in  until  April  6th.  On  the 
other  hand,  the  prevailing  heat  and  drought  of  the  spring  and 
summer,  brought  grain  crops  early  forward,  and  the  whole  of  the 
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Table  XV. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Fourteenth  Season,  1865. 


MAKUK^»,  PER  ACRE. 

PRODUCE  PER  ACREk  ka. 

Plots. 

Dressed  Oom. 

Totsl 
Cora. 

Straw 

and 

Gbaft 

Total 

Produce 

(Ooraand 

Stnw). 

Gbra 

Qnantlty. 

Weight 
per  Bash. 

to 

100 

SCnw. 

7 

1  0 
40 
1  A 

4A 

4AA 
4C 

14  Tons  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and"! 

200  lbs.  Ammonia-salts  ../ 
Mixed  Mineral  Manure,  and) 

200  lbs.  {})  Ammonia-salts  / 
Mixed  Mineral  Manure,  and^ 

1000  lbs.  (*)  Rape-cake   ..  / 

Bushel& 
52f 
18 
241 
29{ 

46} 
48{ 
481 

lbs. 

54*4 

53-9 

54*0 

53-8 

53*5 
53*3 
53*5 

lbs. 
2923 
1018 
1349 
1666 

2549 
2684 
2648 

Cwts. 
25} 

8i 
10 
13 

22} 
241 
22 

»«. 

5769 

1924 

2464 

3127 

5075 
5469 
5117 

102-7 
112-3 
121-0 
114-0 

100-9 

96-4 

107-2 

{})  400  lbs.  the  first  6  years  (1852-7>  (')  2000  lbs.  the  first  6  years  (185»-7> 

barley  was  cut  on  August  9th ;  but,  owing  to  the  wet  weather 
which  bad  then  set  in,  it  was  not  carted  until  August  18th«  As 
might  be  expected  from  the  characters  of  the  season,  and  as  i^as 
consistent  with  the  results  obtained  in  the  experimental  wheat 
field,  there  was  throughout  a  considerable  deficiency  of  total 
pnnluce  (corn  and  straw  together),  which  was  proportionally  the 
greater  the  poorer  the  conditions  as  to  manuring.  There  was, 
however,  a  very  high  proportion  of  com  to  straw,  the  higher  the 
poorer  the  manuring ;  and  the  weight  per  bushel  of  dressed  com 
was  about  the  average.  As  to  the  actual  amount  of  com  per 
acre,  it  was,  without  manure,  with  mineral  manure  alone,  and 
with  ammonia-salts  alone,  considerably  below  the  average,  but 
much  nearer  the  average  with  the  more  complete  manuring:. 
The  result  is,  then,  that  with  a  deficiency  in  total  amount  of 
rain,  the  very  unequal  distribution  of  that  which  fell,  the  very 
dry  atmosphere,  and  the  unusually  high  temperatures  almost 
throughout  the  periods  of  growth,  the  conditions  above  ground 
were  adverse  to  luxuriance,  but  very  favourable  to  seeding 
tendency  and  maturation;  and,  where  the  conditions  supplied 
within  the  soil  were  the  most  defective,  the  root-range  would 
doubtless  be  the  most  restricted,  and  the  plants  would  sufier 
the  most;  whereas,  where  the  conditions  supplied  within  the 
soil  were  liberal,  a  more  extended  root-range  would  render 
the  plant  less  sensitive  to  the  atmospheric  heat  and  drought; 
and,  hence,  proportionally  less  failing  in  luxuriance. 

The  characters  of  both  the  experimental  wheat  and  experi- 
mental barley-crops  were,  therefore,  in  the  main  accordant  with 
those  of  the  respective  crops  in  the  country  at  large.     That  is, 
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tbe  results  in  the  experimental  fields  varied  greatly  according  to 
the  conditions  of  manuring  ;  the  crops  suffering  most  where  the 
conditions  of  manuring  were  the  most  defective,  whilst  it  was 
on  the  light  and  badly  farmed  lands  that  the  crops  of  the  country 
sufiered  most  On  the  other  hand,  it  was  under  the  influence  of 
liberal  manuring  that  the  quantity  of  corn  was  proportionally 
the  highest  in  the  experimental  fields,  and  it  was  on  the  clays, 
and  better  farmed  lands,  that  the  crops  were  good  in  the  country 
generally. 

Fifteenth  Season,  1866. 

The  very  warm  and  dry  weather  of  September,  1865,  extended 
through  the  first  week  of  October ;  and,  although  there  were  a 
few  cold  intervals,  the  temperatures  of  the  three  concluding 
months  of  the  year  ruled  higher  than  the  average ;  December, 
especially,  being  unusually  warm.  The  period  included,  how- 
ever, very  great  fluctuations  in  barometric  pressure,  and  some 
extremely  severe  storms  of  wind  ;  whilst  in  October  a  very 
excessive,  in  November  a  full,  but  in  December  a  deficient, 
amount  of  rain  fell.  January  and  the  first  half  of  February 
(1866)  were  also  unusually  warm,  though  in  January  there 
was  a  heavy  fall  of  snow,  which,  however,  rapidly  thawed,  and 
the  whole  period  was  very  wet.  A  cold  and  drier  period  then 
set  in,  and  extended  to  the  middle  of  March,  checking  the 
hitherto  much  too  forward  vegetation ;  and  then,  to  the  end  of  the 
quarter,  the  temperatures,  though  variable,  ruled,  upon  the  whole, 
very  high,  and  there  was  a  full  amount  of  rain.  The  beginning 
of  April  was  cold  and  rather  wet,  and  the  remainder  con- 
siderably warmer  and  drier  than  the  average.  May  was, 
throughout,  unusually  cold  both  day  and  night,  and  there  was 
a  deficiency  of  rain.  June  was  changeable,  but  included  a  good 
deal  of  hot  weather,  which  raised  the  mean  temperature  above 
the  average,  and  during  the  month  a  considerable  excess  of  rain 
fell.  The  beginning  of  July  was  cold  and  wet;  then  followed  a 
week  of  hot  and  dry  weather ;  but,  from  about  the  middle  of  the 
month  to  nearly  the  end  of  September,  the  weather  was,  with 
the  exception  of  few  and  short  intervals,  generally  cold,  with  a 
good  deal  of  rain  and  wind  in  August,  and  an  almost  continuous 
and  considerably  excessive  fall  in  September,  October  was, 
however,  upon  the  whole,  warmer  and  drier  than  usual.  In 
June,  July,  August,  September,  and  October,  the  degree  of 
humidity  of  the  air  was  generally  high. 

Thus,  after  a  very  wet  and  comparatively  warm  autumn,  the 
winter  was,  until  the  middle  of  February,  unusually  warm,  with 
a  great  deal  of  rain,  inducing  premature  luxuriance  of  grass  and 
winter-sown  crops ;  then  came  a  month  of  cold  and  dry  weather, 
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checking  gprowth.  The  remainder  of  the  spring  was  at  first  yeiy 
variable,  but  May  was  unusually  cold  and  dry.  The  earlj 
summer  was  changeable,  but  mostly  warm,  with  a  good  deal  of 
rain;  and  the  ripening  and  harvest  periods  were  almost  coo- 
tinuously  cold  and  rainy,  with  a  moist  atmosphere,  but 
occasional  high  and  drying  winds. 

After  the  winter  the  wheat-plant  was  very  forward,  bnt 
much  checked  by  the  prevailing,  though  not  continuous,  cold- 
ness ^nd  dryness  of  the  spring.  Recovering,  and  showing  fair 
promise  in  early  summer,  it  was  again  checked  by  the  sunless 
weather,  and  in  many  cases  laid  and  damaged  by  the  ivet 
maturing  and  harvest  period.  The  harvest  was  protracted  and 
late ;  and  the  crop  was  eventually  pronounced  to  be  below  an 
average  in  quantity,  though  of  fair  quality.  Barley  and  oats  were 
said  to  be  very  variable ;  in  some  cases  poor,  in  others  mach 
damaged  ;  but,  upon  the  whole,  above  average  in  quantity,  and  in 
some  districts  harvested  in  good  condition,  and  of  good  quality. 

The  experimental  wheat-crop  was,  under  all  conditions  of 
manuring,  below  the  average  in  quantity  of  corn;  and,  excepting' 
under  the  highest  manuring  (when  it  was  considerably  above), 
below  the  average  in  quantity  of  straw  also.  The  weight  per 
bushel  was,  however,  over  average.  Tlie  following  results  were 
obtained  in  the  experimental  barley- field : — 

Table  XVI. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Fifteenth  Season,  1866. 


Plota 


7 

10 
40 
1  A 
4A 

4AA 

4'C 


MANURES,  PER  ACRE 


14  Tods  Farmyard  Manure 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and^ 

200  lbs.  Ammonia-ealts  ..  / 
Mixed  Mineral  Manure,  and! 

200  lbs.  0)  Ammonia-salts  I 
Mixed  Mineral  Manure,  and\ 

1000  lbs.  O  Rapt-cake  . .  / 


PRODOCE  PER  ACRE,  kio. 


Dnwcd  Ootn. 


Qaantlty.   Wdght 
^         '  jperBush. 


BusheU. 

?3 

24 
27| 

47 

50{ 

48t 


lbs. 

54*9 

51-1 

52-7 

50*9 


Total 
Com. 


lbs. 
3065 

858 
1323 
1474 


54-7  '  2636 


55-4  ^  2954 
55*6      2834 


Stntw 

Total 

and 

Prodooe 

OutfL 

(Ooraasd 

Stnw). 

Cwta. 

Iba. 

31| 

6594 

di 

1928 

12] 

2759 

15} 

8200 

27f 

5704 

28| 

6117 

27| 

5929 

to 
100 

Stnw. 


86*8 
80-1 
92-1 
85-4 

85*9 
93«4 
91-6 


(>)  400  lbs.  the  first  6  years  (1852-7). 


(*)  2000  lbs.  the  first  6  yean  (I852-7> 


The  seed  was  not  sown  until  April  2nd.  The  whole  of  the 
plots  were  cut  on  August  15th,  16th,  and  17th ;  the  earliest 
were  carted  on  August  18th,  but  the  remainder  not  until  August 
23rd  and  24th.  With,  upon  the  whole,  a  dry  and  backward 
spring ;  a  changeable,  but  mostly  warm  and  wet,  early  summer ; 
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but  cold,  wet,  and  windy  ripening  and  harvest  period,  the  result 
^was  considerably  less  than  the  average  produce  of  both  com  and 
straw  without  manure,  and  with  defective  manuring ;  but  fully 
average  quantity  of  corn,  and  not  much  less  than  average  quan- 
tity of  straw,  with  the  more  liberal  artificial  manuring.  The 
farmyard  manure,  indeed,  gave  more  than  its  average  of  both 
corn  and  straw ;  but,  as  will  be  seen  further  on,  the  produce 
on  the  farmyard  manure  plot  increased  very  much  during  the 
later  years  of  the  experiment,  so  that  the  result  must  not  be 
attributed  exclusively  to  the  season.  The  weight  per  bushel  of 
dressed  corn  is  seen  to  vary  very  considerably  under  the  different 
conditions  of  manuring.  Thus,  without  manure,  and  with 
ammonia-salts  alone,  the  weight  per  bushel  was  considerably 
below  the  average  under  those  conditions ;  whilst,  with  the 
more  complex  and  more  perfect  artificial  manures,  and  with 
the  farmyard  manure  — that  is  with  the  more  liberal  soil -condi- 
tions— it  was  considerably  above  the  average. 

The  smaller  deficiency,  if  any,  in  total  produce,  and  the  higher 
quality,  under  high  manuring,  and  the  greater  deficiency,  and  the 
poorer  quality,  under  the  poorer  soil-conditions,  are  consistent 
with  the  results  obtained  in  the  experimental  wheat-field,  and 
also  consistent  with  the  character  of  great  diversity  given  of  the 
spring-sown  crops  of  the  country  at  large. 

The  season  of  1866,  with  its  late  spring,  its  warm  and  wet 
early  summer,  but  prevailing  cold  and  wet  later  growing  and 
ripening  periods,  gave  considerably  greater  bulk  of  produce 
than  1865,  with  its  also  late  spring,  but  warm  and  dry  growing 
period.  Though  both  seasons  were  unfavourable,  they  were 
essentially  different  in  character.  Yet  they  agree  in  this :  that 
each  was  relatively  less  unfavourable  with  high  than  with  poor 
manuring.  The  more  perfect  soil-conditions  enabled  the  plant 
the  better  to  withstand  the  heat  and  dryness  in  1865,  and  the 
prevailing  cold  and  wet  of  the  growing  and  ripening  period  in 
1866.  That  the  quality  of  both  wheat  and  barley  was  not  worse 
in  1866,  notwithstanding  the  cold  and  wet  ripening  period,  was 
greatly  due  to  the  drying  winds  which  alternated  with  the  rains ; 
but  the  much  higher,  indeed,  the  really  high  quality  of  the 
barley  grown  by.  liberal  manuring,  shows  how  much  more  vital 
power  the  plants  growing  under  the  more  favourable  soil-condi- 
tions possessed,  and  that  in  a  certain  degpree  those  conditions 
compensated  for  the  lacking  favourable  atmospheric  conditions. 

Sixteenth  Season,  1867. 

Though  including  some  cold  intervals,  the  concluding  quarter 
of  1866  was  generally  warmer  than  the  average,  with  somewhat 
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less  than  the  usual  aggregate  amount  of  rain,  though  a  good 
deal  fell  within  a  short  interval  about  the  middle  of  November, 
causing  floods,  and  hindering  autumn  sowing  in  some  localities. 
In  January,  1867,  the  fluctuations  were  very  great;  extreme 
cold  and  heavy  falls  of  snow,  alternating  with  rapid  thaws, 
warm  weather,  heavy  gales,  and  a  good  deal  of  rain.  The  last 
week  of  January,  and  almost  the  whole  of  February,  were  very 
unusually  warm,  with  a  large  amount  of  rain  at  the  beginning, 
and  a  moderate  quantity  over  the  rest  of  the  period.  March, 
again,  was  almost  to  the  conclusion  very  cold  and  wintry,  with  a 
good  deal  of  snow.  Throughout  the  quarter  there  was  a  suc- 
cession of  gales  of  wind.  Owing  to  the  severe  weather  of 
March,  the  growth  of  winter-sown  crops  was  checked  ;  and 
owing  partly  to  the  wetness,  and  partly  to  the  frost,  the  pre* 
paration  of  the  land  for  spring-sowing  was  much  retarded. 
April,  and  the  beginning  of  May,  were  very  unsettled  ;  stormy, 
rainy,  and  changeable  as  to  temperature ;  but,  on  the  average, 
warmer  than  usual.  Later  in  May,  besides  some  very  warm, 
there  was  a  longer  period  of  extremely  cold  weather,  with  a  dry 
atmosphere,  and  frosty  nights,  much  checking  vegetation; 
though,  during  the  month,  there  was  rather  more  than  the 
average  fall  of  rain.  June  was  comparatively  dry,  very  change- 
able as  to  temperature,  but  on  the  average  colder  than  usual. 
The  cold  weather  continued  throughout  July  and  the  beginning 
of  August,  and  the  period  was  generally  sunless  and  cloudy, 
with  an  excess  of  rain  in  July,  which  fell  very  heavily  towards 
the  end  of  the  month,  and  much  laid,  and  in  some  cases  inun- 
dated, the  crops.  The  remainder  of  August,  and  September,  were 
much  finer,  rather  warmer  than  the  average,  though  with  rather 
more  than  the  average  fall  of  rain;  which,  however,  was  not 
much  distributed,  but  fell  for  the  most  part  in  considerable 
quantities  at  a  time. 

Thus,  the  early  winter  was,  upon  the  whole,  warmer  and  drier 
than  usual ;  then  came  intervals  of  severe  frost,  snow,  and  heavy 
gfales,  followed  by  several  weeks  of  very  warm  weather,  with  a 
good  deal  of  rain.  The  early  spring  was  very  wintry  and 
stormy,  and  both  growth  and  spring-sowing  were  retarded.  The 
remainder  was  very  changeable  as  to  temperature ;  at  first  warmer, 
afterwards  very  unseasonably  cold,  and  throughout  frequently 
stormy  and  rainy.  The  rest  of  the  growing,  as  well  as  the  early 
ripening  period,  was  changeable,  though  for  the  most  part  un- 
seasonably cold,  cloudy,  and  sunless,  with  a  great  deal,  and  some 
very  heavy  falls,  of  rain,  which  much  laid  the  crops.  The 
harvest-time,  though  late,  and  including  some  heavy  rains,  was, 
however,  upon  the  whole,  not  unfavourable  for  the  greater  portion 
of  the  Midland,  Southern,  and  Eastern  districts. 
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With  a  wet  autumny  a  winter  alternately  very  mild  and  very 
severe,  a  spring  with  alternations  of  extreme  heat  with  cold,  frost, 
and  wet,  and  a  summer  with  a  good  deal  of  sunless  weather,  with 
occasional  violent  storms  of  wind  and  rain,  much  laying  the  crops, 
were  not  conditions  from  which  a  productive  harvest  might  be 
expected.  Yet,  both  before  and  after  the  favourable  change  at 
harvest  time,  some  writers  in  the  *  Times '  gave  very  sanguine 
views  of  the  crops  of  the  country  at  large.  The  records  in  the 
agricultural  papers  were,  however,  much  less  favourable;  and 
the  results  obtained  at  Rothamsted  led  to  the  conclusion  that  the 
general  wheat-crop  would  be  not  less  than  20  per  cent,  below  an 
average.  Subsequent  experience  showed  that  this  unfavourable 
estimate  was  only  too  well  founded.  Spring  crops  were  almost 
everywhere  sown  late,  especially  on  heavy  lands.  Barley  was 
said  to  have  suffered  a  good  deal  from  the  frosts  of  May,  but  at 
harvest  the  crop  was  reported  to  be  but  little  under  average  in 
quantity,  though  variable  in  quality.  Oats  were  considered  to 
be  over  average. 

The  experimental  wheat  crop  was  very  deficient  in  straw,  and, 
upon  the  whole,  more  deficient  in  quantity  of  com  than  in  any 
year  since  1853 ;  though  the  quality  of  the  grain  was  even  over 
average.  The  foUowing  results  were  obtained  in  the  experimental 
barley-field : — 

Table  XVII.— Quantity  and  Quality  of  Barley  on  Selected  Plots- 
Sixteenth  Season,  1867. 


liANUKES^  PER  ACKS. 

PRODUCE  PER  ACRE.  te. 

Plota. 

DreMedOom. 

Total 
Com. 

Btrftw 

and 

GbalL 

Total 

Prodnoe 

(Cora  and 

Straw). 
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*»»«»•' pS^ 

to 

100 

Straw. 

7 

lO 

40 

lA 

4A 

4AA 

4C 

14  Tons  Farmyard  Mannre 

Unmanured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and'^ 

200  lbs.  Ammonia-salts  . .  / 
Mixed  Mineral  Manure,  and' 

200  lbs.  Q)  Ammonia-salts 
Mixed  Mineral  Manure,  andl 

1000  lbs.  0)  Bape-cake  ••/ 

Bnsheli. 
4»t 

nl 

20| 
dO{ 

43J 

45 

42| 

Ite. 

54-8 

51-8 

53-6 

51'3 

54-3 
54-6 

54-8 

lbs. 
2614 

978 
1180 
1686 

2454 
2573 
2411 

CwtB. 
271 

lol 

12 
171 

25J 
28) 

24i 

lbs. 

5652 

2124 

2526 

3611 

5304 
5753 
5121 

86-1 
85*3 
87*7 
87-6 

86-1 
80*9 
89-0 

(>)  400  lbs.  the  first  6  years  (1852-7). 


(')  2000  lbs.  the  first  6  years  (1852-7). 


Owing  to  the  alternate  wet  and  frost,  and  the  consequent 
unworkable  condition  of  the  land,  the  experimental  barley  was 
again  sown  late,  not  being  put  in  until  April  5.  The  earlier 
plots  were  cut  on  August  20  and  21,  the  later  not  until  August 
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27  and  28,  and  the  whole  were  carted  on  August  31.  The 
earlier  and  better  crops,  those  grown  bj  manures  containing' 
nitrogen  and  superphosphate,  and  by  farmjard  manure,  were 
the  most  laid.  Notwithstanding  this,  owing  to  the  improved 
weather  at  the  final  ripening,  and  harvest  time,  it  was  just 
these  crops  that  gave  a  rather  better  than  average  weight  per 
bushel  of  corn,  whilst  the  poorer  and  more  backward  crops  gave 
lower  than  the  average  weight  per  bushel.  The  quantity  of 
both  corn  and  straw  was  throughout  lower  than  the  average,  and 
the  deficiency  was  proportionally  the  greater  the  greater  the 
relative  deficiency  of  available  nitrogen  within  the  soil ;  that  is 
to  say,  without  manure,  and  with  purely  mineral  manure.  The 
proportion  of  com  to  straw  was  generally  not  far  from  the  averag'e, 
and,  under  some  of  the  best  conditions  of  manuring,  somewhat 
over  the  average.  Upon  the  whole,  therefore,  the  experimental 
barley  crop  was  deficient  in  quantity,  but  of  full  average  quality. 
The  deficiency  in  the  spring-sown  crop  was,  however,  much  less 
than  that  of  the  experimental  wheat ;  and  less,  perhaps,  than 
might  have  been  expected  considering  the  late  sowing,  the  alterna- 
tions of  forcing  and  checking  conditions  of  weather  during  the 
earlier  stages,  and  the  sunless  character  of  the  later  periods  of 
growth.  The  result  is,  at  the  same  time,  consistent  with  that 
recorded  of  the  barley-crop  of  the  country,  which,  according 
to  the  more  reliable  authorities,  suffered  considerably  less  than 
wheat ;  it  is  also  consistent  in  showing  relatively  less  deficiency 
the  better  the  soil-conditions. 

Seventeenth  Season^  1868. 

October,  1867,  was  very  variable  as  to  temperature,  npoa 
the  whole  colder  than  usual,  with  comparatively  little  rain,  but 
occasional  high  winds.  There  was  very  unusually  little  rain  in 
November,  and  the  weather  was  for  the  most  part  clear  but  cold, 
and  very  favourable  for  working  the  land  and  sowing.  December 
was  characterised  by  great  and  rapid  variations  of  temperature 
and  barometric  pressure,  some  extremely  heavy  gales,  sometimes 
frost,  snow,  and  sleet,  at  others  very  warm  weather ;  in  the 
aggregate  there  was  a  full  amount  of  rain,  and  throughout 
the  month  agricultural  operations  were  much  impeded.  The 
first  eleven  days  of  January,  1868,  were  very  cold ;  but  from 
that  time  to  the  end  of  the  quarter  (indeed  to  the  end  of  the 
summer),  the  weather  was  unusually  warm.  There  was  a  con- 
siderable excess  of  rain,  and  there  were  several  gales  of  wind,  in 
January  ;  but  there  were  only  moderate  amounts  of  xain  in  Feb- 
ruary and  March.     In  these   months   vegetation    became  very 
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forward,  and  the  weather  was  generally  favourable  for  wotking 
the  land  and  for  spring  sowing.  April,  May,  and  June,  again, 
were  all  considerably  wanner  than  the  average.  The  average  tem- 
perature of  April  had  however  frequently,  and  that  of  each  of  the 
other  months  occasionally,  been  exceeded  in  the  corresponding 
months  of  other  years ;  but  the  average  temperature  of  the  three 
months  together  had  only  once  been  exceeded  in  any  corresponding 
three  months  for  98  years  (the  period  for  which  records  are  avail' 
able),  namely,  in  1865,  when,  though  April  was  hotter,  May  and 
June  were  not  quite  so  hot  as  in  1868;  and  the  average  tem- 
perature of  the  whole  period,  from  the  middle  of  January  to  the 
end  of  June,  was  only  exceeded  in  1822.  Concurrently  with  this 
long-continued  warm  weather,  there  was,  as  already  said,  a  great 
excess  of  rain  in  January,  and  only  moderate  amounts  in  February 
and  March ;  there  was  a  small  excess  in  April,  a  deficiency  in 
May,  and  a  very  great  deficiency  in  June.  Temperatures  in 
excess  of  the  average  also  prevailed  almost  continuously  throughout 
the  succeeding  quarter,  namely,  to  the  end  of  September.  July, 
in  particular,  was  very  excessively  warm,  with  at  the  same  time  a 
continued  great  deficiency  of  rain ;  August  was  also  warmer  than 
the  average,  but  with  a  good  deal  of  rain ;  and  September  more  in 
excess  as  to  temperature  than  August,  with  a  deficiency  of  rain.  In 
no  year  of  the  previous  98  had  the  temperature  so  far  exceeded  the 
average  in  so  long  a  corresponding  period  as  that  from  the  middle 
of  January  to  the  end  of  September  of  this  year,  1868.  The  total 
rainfall  of  the  nine  months  was  not  much  below  the  average ;  but 
the  amount  which  fell  was  very  excessive  in  January,  and  exces- 
sive also  in  April  and  in  August,  whilst  it  was  deficient  in  each 
of  the  other  months  of  the  period,  and  very  greatly  so  during  the 
three  consecutive  months  of  greatest  heat,  namely  May,  June,  and 
July.  The  degree  of  humidity  of  the  atmosphere  was  also  lower 
than  the  average  in  each  of  the  nine  months  from  January  to 
September  inclusive,  greatly  so  in  June,  very  greatly  so  in  July, 
and  considerably  in  August  and  September. 

The  characters  of  this  extraordinary  season  may  be  briefly 
summarised  as  follows  : — After  a  favourable  autumn  seed-time, 
the  first  half  of  the  winter  was  very  variable,  including  some  very 
warm,  but  more  stormy,  wet,  snowy  and  frosty  weather.  From 
that  time  to  after  harvest,  the  temperature  was  almost  always 
above  the  average,  and  very  greatly  so  in  the  summer  months  of 
June  and  July ;  whilst,  after  a  favourable  spring  seed-time,  there 
was  a  sufficiency  of  rain  in  April  to  give  a  fair  start  to  early- 
sown  crops ;  but,  from  that  time  until  the  harvest  was  nearly 
over,  throughout  the  Midland,  Southern,  and  Eastern  districts  of 
the  country,  the  excessive  temperatures  were  accompai^ied  by  a 
drought  of  unusual  severity,  both  as  regards  the  length  of  its 
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duration,  and  the  great  amount  of  the  deficiency  of  rain,  with  at 
tbe  same  time  a  very  dry  atmosphere. 

With  the  favourable  autumn  seed-time,  the  area  nnder  wheat 
was  over  average.  In  the  spring  the  plant  was  generally  good, 
the  harvest  was  very  early,  and  finally  the  crop  was  reported 
to  be  considerably  over  average  in  both  quantity  and  quality  on 
good  and  well  farmed  soils ;  on  light  and  poorly  farmed  land,  on 
the  other  hand,  the  crop  suffered  much  from  the  heat  and  drought. 
Still,  the  aggregate  whjpat  crop  of  the  country  was  supposed  to  be 
about  20  per  cent,  over  average  in  quantity,  and  of  over  average 
quality.  Naturally,  spring-sown  crops  suffered  much  more  from 
the  heat  and  drought  than  wheat.  Barley  was^  however,  said  to 
yield  well,  and  be  of  good  quality,  on  deep  and  well-farmed  lands, 
and  when  sown  early,  but  to  be  very  deficient  when  sown  late,  or  on 
shallow  soils ;  and  to  be  so  on  many  of  the  usually  good  barley  lands. 
Oats  suffered  more  than  barley,  and  were  almost  universally  re- 
ported to  be  under  average,  and  in  many  cases  a  complete  failure. 

The  produce  in  the  experimental  wheat  field  was,  under  all 
conditions  of  manuring,  over  average  in  quantity,  but  propor- 
tionally much  more  so  with  high  than  with  low  manuring.  The 
weight  per  bushel  of  dressed  com  ranged  from  3  to  5  lbs.  over  the 
average.  The  quantity  of  straw  was  considerably  below  the 
average  with  low  manuring,  but  average,  or  over  average,  with 
high  manuring.  The  proportion  of  com  to  straw  was  also 
generally  over  average,  but  proportionally  the  less  so  the  higher 
the  manuring  and  the  greater  the  bulk  of  the  crop.  The  following 
results  were  obtained  in  the  experimental  barley-field  : — 

Tablk  XVIIL— Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Seventeenth  Season,  1868. 
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(})  400  lbs.  Ammonia-salts  the  first  6  years  (1852-7),  200  lbs.  the  next  10  years 
(1858-67) ;  275  lbs.  Nitrate  Soda,  1868,  and  since. 
(2)  2000  lb#  the  first  6  years  (1852-7). 
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Unfortunately,  the  seed  was  not  put  in  until  March  20  ;  and 
^rlthy  excepting  in  April,  a  great  deficiency  of  rain  from  that 
time  until  harvest,  and,  at  the  same  time,  unusually  high  tem- 
peratures and  dry  atmosphere,  the  crop  was,  for  the  locality,  very 
early  cut,  namely,  on  July  31,  and  it  was  carted  on  August  5. 
The  deficiency  of  hoth  com  and  straw  is  throughout  very  con- 
siderable, but  proportionally  the  greater  the  more  defective  the 
manuring.  Thus,  compared  with  the  average  of  the  twenty 
years  in  each  case,  the  deficiency  of  total  produce,  com  and 
straw  together,  was  with  farmyard  n\anure  only  about  one-tenth, 
with  mixed  mineral  manure  and  ammonia-salts  (4  A),  and  with 
mixed  mineral  manure  and  rape-cake,  about  one-fourth,  but 
with  mineral  manure  alone,  or  ammonia-salts  alone,  about  one- 
third.  Further,  in  these  cases  of  the  more  defective  manuring, 
and  the  more  deficient  total  crop,  the  proportion  of  com  to  straw 
is  below  the  average,  whilst,  with  the  nitrogenous  and  mineral 
manure   together,  as  well  as  with  farmyard  manure,  the  pro- 

E»rtion  of  corn  to  straw  is  rather  higher  than  the  average, 
eficient  as  was  the  quantity,  the  quality  was,  however,  in  all 
cases  high ;  and  the  higher  the  more  liberal  the  conditions  of 
manuring.     Thus,  the  weight  per  bushel  was  between  55  and 

56  lbs.  with  the  mixed  mineral  manure  and  ammonia-salts,  and 
with  the  mixed   mineral  manure  and  rape-cake,  and  was  over 

57  lbs.  with  farmyard  manure. 

It  will  be  borne  in  mind  that,  during  the  first  six  years  of 
the  twenty  (1852-1857),  plot- 4AA  had  annually  twice  as 
much  ammonia-salts  as  4  A,  but  that,  during  the  next  ten  years 
(1858-1867),  only  the  same  quantity  of  ammonia-salts  was  ap- 
plied as  on  4  A,  namely,  200  lbs.  per  acre  per  annum  ;  and 
reference  to  the  tables  will  show  that  there  has  continued  to  be 
some  excess  of  produce  on  4  A  A,  as  compared  with  4  A,  due  to 
the  unexhausted  residue  from  the  excessive  supply  during  the 
first  six  years.  For  the  year  1868,  and  subsequently,  however, 
an  amount  of  nitrate  of  soda,  containing  the  same  quantity  of 
nitrogen,  has  annually  been  substituted  on  plot  4AA  for  the 
200  lbs.  of  ammonia-salts  applied  during  the  previous  ten 
years;  and  it  will  be  seen  that,  in  this  year  of  drought,  the 
plot  with  the  nitrate  gives  nearly  11  bushels  more  com,  and 
about  5  cwts.  more  straw,  than  the  plot  with  an  equivalent 
quantity  of  nitrogen  as  ammonia-salts.  This  amount  of  ex- 
cess is  much  greater  than  has  been  obtained  in  any  succeeding 
year  hitherto;  though  in  1870,  which  was  also  a  year  of 
drought,  the  excess  of  produce  with  the  nitrate  was  again  very 
considerable. 

In  a  paper  in  the  *  Journal  of  the  Royal  Agricultural  Society 
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of  England/*  we  showed  that  the  soil  of  the  plot  in  the  ezperi* 
mental  wheat-field  which  had  then  been  manured  with  14  tons 
of  farmyard  manure  per  acre  per  annum  for  .twentj-five  jears  in 
succession,  owing  to  its  vast  accumulation  of  organic  matter, 
and  greater  degree  of  disintegration,  porositj,  and  power  of 
absorption,  retained,  near  the  surface,  very  much  more  water 
than  that  of  either  the  closely-adjoining  unmanured,  or  an 
artificially  manured  plot  in  the  same  field. 

In  the  same  paper  we  recorded  the  fact,  that  a  plot  of 
permanent  meadow-land  which  received  annually  mixed  mineral 
manure,  and  a  given  amount  of  nitrogen  as  ammonia-salts, 
yielded  in  the  season  of  drought  of  1870,  28  cwts.  of  hay  leas 
than  its  average ;  whilst,  another  plot,  receiving  annually  the 
same  mineral  manures,  and  the  same  amount  of  nitrogen,  but  in 
the  form  of  nitrate  of  soda  instead  of  ammonia-salts,  yielded,  in 
the  same  season  of  drought,  only  1^  c\st.  of  hay  less  than  its 
average  amount,  and  about  26f  cwts.  more  than  the  plot  manured 
with  the  same  mineral  manure  and  the  same  amount  of  nitrog^en 
as  ammoniarsalts. 

This  result  was  assumed  to  be  connected  with  the  difference 
in  the  character  of  the  two  nitrogenous  manures  (ammonia- 
salts  and  nitrate  of  soda),  in  regard  to  their  reactions  upon  the 
soil,  and  the  consequent  degree  of  rapidity  and  range  of  dis-  ' 
tribution  of  them,  or  their  products  of  decomposition,  within 
it; — the  nitrate,  or  its  products  of  decomposition,  becoming 
much  more  rapidly  distributed,  and  washed  into  the  subsoil, 
whither  the  roots  follow  it.  On  examination  it  was  found 
— that  certain  plants  of  the  mixed  herbage,  having  roots  of  a 
characteristically  downward  tendency,  were  much  more  prevalent 
on  the  plot  manured  with  nitrate  of  soda,  than  on  that  manured 
with  ammonia-salts ;  that  the  subsoil  of  the  nitrated  plot  was  dis- 
integrated and  permeated  by  roots  to  a  much  greater  depth ; 
and  that,  accordingly,  the  lower  layers  of  the  subsoil  had  been 
pumped  much  drier  by  the  action  of  roots,  than  the  corresponding 
layers  of  the  plot  manured  with  ammonia*salts. 

These  very  interesting  and  significant  facts  point  to  the  explana- 
tion of  the  much  less  prejudicial  influence  of  the  drought  of  1868 
on  the  experimental  barley-crops  g^own  by  farmyard  manure,  and 
by  mineral  manure  and  nitrate  of  soda,  dian  on  those  grown  bj 
mineral  manure  and  ammonia-salts.  In  the  case  of  the  farm- 
yard-manure plot,  the  result  was  probably  due  to  the  great 
amount  of  moisture  taken  up,  and  retained,  by  the  upper  layers  of 
the  soil,  from  the  winter  and  early-spring  rains*  In  that  of  the 
nitrated  plot  it  was,  it  is  true,  the  first  year  of  the  application  ; 

*  Vol.  vii.— 8.8.  Part  I.— "Effects  of  the  Drought  of  1870  on  iome  of  the  Ex- 
perimental CropB  at  Koihauisted." 
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1>ut,  with  the  fair  amount  of  rain  in  March,  and  the  full  amount 
in  April,  it  is  still  probable  thai  there  would  be  a  considerable 
distribution  of  the  manure,  and,  accordingly,  an  increased 
disintegration,  and  porosity  of  the  subsoil,  and  retention  of 
moisture  by  it ;  the  combined  conditions  leading  to  a  corre* 
spondingly  greater  distribution  of  the  roots  in  the  lower  layers, 
by  virtue  of  which  the  plants  would  obtain  possession  of  a 
greater  range  of  soil,  and  an  increased  supply  of  moisture  within 
it.  In  the  one  case,  therefore,  it  was  the  resources  of  moisture 
in  the  upper  layers  of  the  soil,  and  in  the  other  those  in  the 
lower  layers,  that  rendered  the  growing  crop  more  independent 
of  the  supplies  from  external  sources. 

In  conclusion,  the  difference  of  effect  of  the  excessive  summer 
heat  and  drought  on  winter  and  spring-sown  crops,  and  on  crops 
gprown  on  deep  and  on  shallow  soils,  was  very  striking.  Thus, 
the  experimental  wheat-crop  indicated  a  produce  about  20  per 
cent  over  the  average,  and  the  wheat-crop  of  the  country  at 
large  was  extremely  good  on  good  soils,  though  very  poor  on 
poor  soils,  yet  was  supposed  to  yield  in  the  aggregate  20  per 
cent  over  an  average.  The  rather  late-sown  experimental  barley, 
on  the  other  hand,  gave  a  produce  from  one-tenth  to  one-third 
below  the  averag^e,  according  to  the  manure  employed ;  and  the 
barley-crop  of  the  country  was  good  when  sown  early  on  deep 
soils,  and  very  deficient  when  sown  late  on  shallow  soils,  but 
g^ve  in  the  aggregate  a  considerably  deficient  crop.  The  great 
protection  against  the  injurious  effects  of  summer  drought,  which 
the  early  sowing  of  spring-crops  gives,  by  enabling  the  plant  to 
obtain  possession  of  a  more  extended  root-range,  was  thus,  in  this 
season,  strikingly  illustrated. 

Eighteenth  Season^  1869. 

The  extraordinarily  warm  period  of  nearly  nine  months  dura- 
tion ended  with  September,  1868.  October  and  November  were 
throughout,  with  very  few  exceptions,  colder  than  usual,  both 
day  and  night ;  whilst  in  October  there  was  a  deficiency  of  rain, 
and  in  November  a  very  great  deficiency.  December,  on  the 
other  hand,  was  almost  throughout  very  much  warmer  than 
the  average,  with  a  very  great  excess  of  rain,  some  violent  gales 
of  wind,  very  variable,  but,  upon  the  whole,  very  low  barometric 
pressures,  and  high  degree  of  humidity  of  the  atmosphere.  The 
average  temperature  of  December  had,  indeed,  been  exceeded 
only  twice  during  the  preceding  ninety-eight  years;  namely, 
in  1806  and  1852.  With  the  exception  of  a  week  after  the 
middle  of  January  (1869),  the  very  warm  period  continued  until 
the  end  of  February,  completing  three  winter  months  of  average 
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temperature  about  6  degrees  higher  than  the  aTerage  of  ninety- 
eight  years.  There  was,  again,  considerable  excess  of  rain  in 
January,  and  a  slight  excess  in  February.  March,  on  the  con- 
trary, was  several  degrees  colder  than  the  average,  with  about,  or 
less  than,  the  average  amount  of  rain.  Early  in  April  warm 
weather  set  in,  and  lasted  till  nearly  the  end  of  the  month,  the 
temperature  during  this  period  being  several  degrees  higher  than 
the  average,  whilst  the  fall  of  rain  was  generally  under  the 
average.  May  and  June  were,  with  few  exceptions,  of  short 
duration,  very  much  colder  than  the  average.  Towards  the  end 
of  May  the  cold  was  very  extreme  for  the  season,  and  the  greater 
part  of  June  was  very  unusually  cold,  both  day  and  night ; 
and  in  May  there  was  a  considerable  excess,  though  in  June  a 
deficiency,  of  rain.  Early  in  July  there  was  again  a  change  to 
warm  weather,  which  lasted  till  the  end  of  the  month,  during 
which  there  was  very  little  rain.  The  first  three  weeks  of 
August  were  very  unseasonably  cold  and  showery,  though  the 
total  amount  of  rain  was  comparatively  small ;  but  the  con- 
cluding week  of  the  month  was  very  bright  and  hot.  Then 
came  a  short  period  of  cold  weather,  but  the  remainder  of  Sep- 
tember was  warm  but  stormy,  with  a  good  deal  of  rain.  In 
April,  May,  and  June,  the  degree  of  humidity  of  the  air  rang^ 
high,  especially  in  May  ;  in  July  it  was  about  the  average,  but  in 
August  and  September  it  was  below  it. 

»  To  sum  up  the  characters  of  the  season :  The  heat  and  drought 
■of  the  spring  and  summer  of  1868  were  followed  by  a  warm 
and  dry  September,  but  cold  and  dry  October  and  Novem- 
ber, providing  a  good  autumn  seed-time.  The  three  winter 
months  were  very  warm,  and,  December  and  January  espe- 
cially, very  wet,  bringing  autumn-sown  crops  very  rapidly 
forward,  and  providing  an  unusual  amount  of  winter  grazing, 
which  greatly  compensated  for  the  previous  deficiency.  But, 
owing  to  the  condition  of  the  land,  spring  sowing  was  re- 
tarded. The  weather  in  March  was  dry  and  cold,  much 
checking  vegetation ;  which,  however,  recovered  rapidly  under 
the  influence  of  very  warm,  though  somewhat  dry,  weather  in 
April ;  but  the  remainder  of  the  spring  was  very  cold,  and  also 
wet;  June,  again,  for  the  most  pait  cold  ;  July  warm,  most  of 
August  cold,  the  conclusion,  and  September,  hot;  whilst  the 
summer  was  comparatively  dry,  though  the  harvest-time  some- 
what unsettled. 

With  a  season  characterised  by  alternate  periods  of  forcing 
and  checking  weather,  with  more  of  the  latter  than  of  the  former 
during  the  time  of  most  active  growth,  and  with  a  changeable 
ripening  and  harvest  period,  favourable  or  unfavourable  for  the 


for  Twenty  Years  in  succession  on  the  same  Land. 


59 


crops  according  to  their  forwardness  at  the  time,  the  reports  of 
the  crops  of  the  country  generally  were  very  conflicting.  The 
wheat-crop,  though  very  variable,  was  reported  to  be,  in  the 
aggregate,  somewhat  below  an  average,  both  in  quantity  and 
quality.  The  barley-crop  was  also  very  variable,  but,  perhaps, 
upon  the  whole  rather  better  than  wheat  Oats  were  more  uni- 
formly bad. 

In  accordance  with  the  characters  of  the  crop  of  the  country, 
the  experimental  wheat-crop  was  very  variable ;  much  below  the 
average  under  most  conditions  of  manuring,  but  above  it  under 
others ;  and  particularly  so  with  farmyard  manure,  and  the  mixture 
of  mineral  manure  and  nitrate  of  soda — a  point  to  which  further 
reference  will  be  made  presently.  The  results  in  the  experimental 
barley-field  were  as  follows : — 

Table  XIX. — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Eighteenth  Season,  1869. 


MANURES,  FEB  ACRK 

PRODUCE  PER  ACRE.  &c. 

KotB. 

DreisedOora. 

Total 
Com. 

Straw 

and 

Chaff. 

Total 

Produce 

(Com  and 

Straw). 

Cora 

Qnantity. 

Weight 
per  Bush. 

to 

100 

Straw. 

7 

lO 
40 
1  A 
4A 

4AA 

4C 

14  Tons  Farmyard  Manure 

UDmanured ' 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  and*^ 

200  lbs.  Ammonia-salts  ../ 
Mixed  Mineral  Manure,  and\ 

275  lbs.  Nitrate  Soda  (>)     / 
Mixed  Mineral  Manure,  and) 

1000  lbs.  (')  Rape-cake   ../ 

Bufthelfl. 
46J 

2*4 

27i 

49i 

49} 
524 

lU. 

56-4 

52-4 

54-6 

52-4 

57-4 
67-1 
57-4 

lbs. 
2746 

840 
1286 
1599 

2848 
2929 
3065 

• 

Gwts. 
28| 
11 

m 

181 
341 

38i 

35} 

lbs. 

5959 

2075 

2729 

3640 

6701 
7194 
7001 

85-5 
68-0 
89-2 
78'4 

73-9 
68-7 
77-9 

(>)  400  lbs.  Ammonia-salts  the  first  6  years  (1852-7),  200  lbs.  the  next  10  years 
(1858-67) ;  275  lbs.  Nitrate  Soda,  1868,  and  since. 
(S)  2000  lbs.  the  first  6  years  (1852-7). 

The  seed  was  sown  on  March  13th ;  the  earlier  crops  were 
cut  on  August  5th,  and  carted  on  August  16th ;  and  the  later 
cut  on  August  19th,  and  carted  on  August  25th.  Between 
cutting  and  carting  there  was  some  cold  and  showery  weather ; 
but  notwithstanding  the  later  crops  (those  not  manured  with 
superphosphate)  had  the  benefit  of  much  hotter  and  drier  weather 
before  being  carried,  than  the  earlier  (which  were  manured  with 
superphosphate),  the  latter  gave  by  far  the  higher  weight  per  bushel ; 
considerably  higher  indeed  than  the  average.  Unlike  the  wheat, 
the  experimental  barley  gave,  under  liberal  manuring,  very  gene- 
rally more,  both  com  and  straw,  than  the  average ;  but  without 
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manure,  with  mineral  manure  alone,  and  with  ammonia-salts 
alone,  the  produce,  more  especially  of  corn,  was  considerably 
below  the  average.  The  crop  was,  upon  the  whole,  bulky,  being 
heavy  in  straw ;  so  that  even  where  the  produce  of  com  was 
more  than  the  average,  the  proportion  of  corn  to  straw  was  less 
than  the  average. 

After  an  unusually  wet  winter,  the  soil  and  subsoil  would, 
doubtless,  retain  a  good  deal  of  moisture  at  seed-time,  and, 
although  March  was  cold  and  dry,  April  was  warm  and  forcing, 
May  was  cold  and  wet,  and  June  also  cold ;  so  that  the  cha- 
racters of  the  season  were  obviously  such  as  would  tend  to  bulk, 
rather  than  to  seeding  tendency.  In  the  case  of  the  barley  such 
was  the  result,  but  in  that  of  the  wheat  the  straw  was  propor- 
tionally more  deficient  than  the  com.  Again,  with  barley,  there 
was  more  than  average  produce,  both  corn  and  straw,  with  mixed 
mineral  manure  and  a  given  amount  of  nitrogen,  whether  sup- 
plied as  ammonia-salts  or  as  nitrate  of  soda ;  whereas,  with  wheat, 
there  was  a  deficiency  of  both  corn  and  straw  with  mineral 
manure  and  ammonia-salts,  but  an  excess  of  both  with  the  same 
mineral  manure  and  the  same  amount  of  nitrogen  supplied  as 
nitrate  of  soda.  It  will  be  useful  to  try  and  trace  the  explanatioo 
of  these  differences. 

It  will  be  remembered  that,  in  the  season  of  drought  of  1868, 
the  experimental  wheatr field  gave  much  more,  whilst  the  experi- 
mental barley-field  gave  much  less,  than  average  produce.  In 
1869,  however,  after  a  very  wet  winter,  and,  for  the  most  part, 
cold  weather  at  the  periods  of  most  active  growth,  the  experi- 
mental wheat-field  gave  generally  much  less,  whilst  the  barley- 
field  yielded  considerably  more  than  the  average.  Doubtless,  the 
advantage  which  the  i^heat  had  over  the  barley  in  the  year  of 
drought  was  due  to  its  having  obtained  possession  of  a  consider- 
able range  of  soil  before  the  drought  commenced,  and  being 
thereby  rendered  less  dependent  than  the  spring-sown  barley  on 
the  rain  actually  falling  during  the  periods  of  active  growth. 
The  failure  of  the  wheat  as  compared  with  the  barley  in  1869, 
after  the  very  wet  winter,  was  probably  due,  in  great  measure,  to 
the  washing  out  and  loss  by  drainage  of  the  nitrogen  of  die 
ammonia-salts  sown  in  its  case  in  the  autumn ;  whereas,  for 
the  barley,  the  manures  were  not  sown  until  the  spring.  A 
corroboration  of  this  view  is  the  fact  that,  though  there  was  so 
considerable  a  deficiency  in  the  produce  of  wheat  with  mixed 
mineral  manure  and  a  given  amount  of  nitrogen  supplied  in 
the  form  of  ammonia-salts  sown  in  the  autumn,  there  was  no 
deficiency,  but  an  excess  of  produce,  of  .that  crop,  where  the  same 
mineral  manures  and  the  same  amount  of  nitrogen  were  supplied, 
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bat  the  latter  in  the  form  of  nitrate  of  soda,  and  applied  no 
before  the  winter  rains,  but  in  the  spring. 

In  a  paper  already  referred  to,*  we  have  pointed  out  how  Tery 
serious  may  be  the  loss  of  nitrogen  by  drainage,  when  ammonia- 
salts  or  nitrates  are  liberally  applied  in  the  autumn,  and  there  is 
laach  wet  weather  during  the  winter;  or  even  when  sown 
in  the  spring,  if  very  heavy  falls  of  rain  should  follow.  Not 
only,  however,  is  the  rain  of  the  spring  and  summer  gene« 
rally  less  continuous  than  that  of  the  winter,  but,  as  the 
season  advances,  the  soil  itself  is  usually  in  a  drier  state,  there 
is  more  evaporation  from  it,  and  considerably  more  also  from 
vegetation,  tending  to  lessen  the  proportion  of  the  rain  passing 
below  the  reach  of  the  roots,  and  carrying  with  it  fertilizing 
matters.  For  important  data  relating  to  this  subject  we  would 
refer  to  a  paper  by  Profeiisor  Voelcker.f  Some  of  the  results  he 
records  we  shall  quote  further  on  (Section  IV.  p.  138) ;  but  it 
may  be  useful  to  give  here  a  single  paragraph  from  our  oven 
paper  above  referred  to. 

^^  Fortunately,  some  of  the  most  important  mineral  constituents 
of  soils  and  manures  are,  in  the  case  of  the  heavier  soils  at  any 
rate,  almost  wholly  retained  by  them  within  the  range  of  the 
roots  of  our  crops.  Nitrogen,  whether  supplied  in  the  form  of 
ammonia^salts  or  nitrates  is,  however,  much  less  completely  so 
retained ;  being,  in  whichever  state  supplied,  carried  off  in  greater 
or  less  quantity  in  the  drainage-water,  chiefly  in  the  form  of 
nitrates.  According  to  results  obtained  independently  by  Pro- 
fessor Frankland  and  Professor  Voelcker,  on  the  analysis  of 
drainage-water  from  the  experimental  wheat-field  at  Rotham- 
sted,  that  collected  during  the  winter,  from  land  manured  in  the 
autumn  by  an  amount  of  ammonia-salts  supplying  82  lbs.  of 
nitrogen  per  acre,  may  contain  from. 2*5  to  3  parts,  or  even  more, 
of  nitrogen,  as  nitrates  and  nitrites,  per  100,000  parts  of  water. 
Assuming  that  only  2*5  parts  of  nitrogen  were  so  carried  beyond 
the  reach  of  roots  for  every  100,000  parts  of  water  passing  down- 
wards, there  would  still  be,  for  every  inch  of  rain  so  passing,  a 
loss  per  acre  of  between  5  and  6  lbs.  of  nitrogen,  supplied  in 
manure  at  a  cost  of  not  much  less  than  Is.  per  lb." 

Now,  in  December,  January,  and  February,  1868-9,  about 
10'5  inches  of  rain  fell,  being  about  45  inches  more  than  the 
average ;  and  although  data  are  at  present  wanting  for  anything 
like  an  accurate  estimate  of  what  proportion  of  this  large  amount 

♦  '  Jonnial  of  the  Royal  Agricultural  Society  of  England,'  vol.  vii. — s.8.  Parti. 

t  '*  On  the  Productive  Powers  of  soils  in  relation  to  the  loss  of  Plant-Food  by 
Drainage."  By  Professor  Voelcker,  Ph.D.,  F.R.S.  ('Jour.  Chem.  Soc.  Lond./ 
June,  1871.) 
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of  rain  would  pass  away  by  drainage,  *  it  may  at  any  rate  1>e 
concluded  that  several  inches  would  do  so.  It  can  hardly  be 
wondered  at,  therefore,  that,  in  the  case  of  the  wheat,  the  plots 
receiving  nitrogen  as  ammonia-salts  in  the  autumn  were  much 
less  productive  than  usual,  and  also,  in  a  much  greater  degree  than 
usual,  deficient  compared  with  the  plot  receiving  its  nitrogen  as 
nitrate  of  soda  applied  in  the  spring.!     ^^  is  intelligible,  too, 

*  See  evidence  on  this  point  in  the  |>aper  in  the  '  Journal  of  the  Royal  Agri- 
coltnnd  Society  of  Englana/  before  referred  to.    Vol.  yii. — 6.8.  Part  I. 

t  During  the  early  years  of  the  oomparatiTe  trials,  a  given  amount  of  nitrogeii, 
applied  as  ammonia-salts  in  the  autumn,  gaye  more  produce  of  wheat,  both  com 
and  straw,  than  an  eqaal  quantity  applied  in  the  spring  as  nitrate  of  soda ;  bat 
during  the  last  12  or  14  years  the  nitrate  of  soda,  applied  in  the  spring,  has  giTcn 
more  produce  than  the  ammonia-salts  applied  in  the  autumn. 

The  years  in  which  the  nitrate  showed  specially  great  superiority  over  the 
ammonia-salts,  due  rather  to  deficiency  of  pr<>duce  by  the  latter,  than  to  any  cod- 
siderable  excess  over  the  avera^  by  the  former,  were  1860,  1867,  1869,  and  1871. 
In  ^860  the  produce  by  ammonia-salts  was  xery  much  less  than  the  average,  and 
by  the  nitrate  slightly  under  the  average,  though  much  above  the  ammonia-salts; 
and  the  records  show  that  there  had  been  an  excess  of  rain  in  November, 
December,  and  January,  and  again  in  March,  April,  May,  and  June.  In  1867 
there  was  a  greater  deficiency  of  total  produce  by  the  ammonia-salts  than  in  any 
other  year,  a  small  deficiency  even  by  the  nitrate,  and  very  great  deficiency  by 
the  ammonia-salts  compared  with  the  nitrate ;  and  there  had  been  a  greater  or 
less  excess  of  rain  in  almost  every  month  from  seed-time  to  harvest,  iwmely,  in 
November,  December,  January,  February,  March,  April,  May,  and  July.  la 
1869  there  was  a  considerable  deficiency  by  the  ammonia-salts,  but  less  than  b 
1860  or  1867;  and  by  the  nitrate  a  small  excess  over  its  average,  and  a  great 
excess  over  the  ammonia-salts ;  and  there  had  been  a  considerable  deficiency  of 
rain  in  November,  but  a  very  considerable  excess  in  December,  January,  and 
February,  a  slight  excess  in  April,  and  a  ^ater  excess  in  May,  but  very  dry 
weather  afterwards  until  harvest.  Lastly,  in  1871,  there  was  a  very  considerable 
deficiency  by  the  ammonia-salts,  a  slight  excess  by  the  nitrate,  and  very  great 
excess  by  it  as  compared  with  the  ammonia-salts ;  there  was  an  excess  of  lain  in 
December  and  February,  and  a  great  excess  in  April,  June,  and  July. 

There  was  also  considerable  excess  by  the  nitrate  compared  with  the  ammonit- 
salts  in  1862,  in  1866,  and  in  1868.  But  in  these  cases,  especially  in  1662  aod 
1 868,  the  result  was,  for  the  most  part,  due  to  over  average  prcnluoe  by  the  nitrate, 
and  but  little,  if  at  all,  to  under  average  by  the  ammonia-salts.  Accordingly,  in 
1861-2,  after  a  considerable  deficiency  of  rain  in  the  three  preceding  months, 
there  was  a  considerable  excess  in  November,  but  again  a  deficiency  in  December, 
Januarys  and  February,  and  then  a  considerable  excess  in  Match,  April,  Maj, 
and  June — that  is  after  the  nitrate  had  been  applied,  bat  after  active  vegetation 
had  commenced.  Again,  in  1868.  with  a  deficiency  of  rain  in  each  of  &e  ibar 
preceding  months  there  was  a  slight  excess  in  December,  considerable  excess  b 
January,  slight  excess  in  February,  March,  and  April,  but  very  great  deficiency 
afterwards  until  harvest. 

These  examples,  though  differing  much  from  one  another  in  many  points,  neve^ 
theless  sufficiently  clearly  point  to  the  conclnsion  that,  in  the  first  series  of  yean 
enumerated,  the  considerable  difference  between  the  amount  of  prodnce  by  the 
ammonia-salts  applied  in  the  autumn,  and  the  nitrate  of  soda  applied  in  the  spring, 
was  due  to  deficient  prodnce  by  the  former  resnltin^  from  a  washing  out  of  its 
nitrogen  by  the  winter  rains;  whilst,  in  the  other  instances,  it  was  due  to  the 
greater  effectiveness  of  the  nitrate  under  the  influence  of  the  conditions  of  ibe 
season  after  the  commencement  of  active  growth,  which  were  widely  different  in 
the  two  cases  more  specially  noticed  ;  giving,  in  1862,  with  a  comparatively  wet 
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that  the  barley,  the  whole  of  the  roanares  for  which  were  applied 
in  the  spring,  should,  equally  with  the  wheatrplot  which  received 
its  nitrogen  in  the  spring,  give  more  than  average  total  produce, 
and  especially  an  excess  of  straw. 

The  very  different  results  obtained  with  winter-sown  and  spring- 
sown  crops,  in  the  strikingly  contrasted  seajBK>nsof  1868  and  1869, 
thus  illustrate  very  instructively  the  extremely  varying  effects  ojf 
some  of  our  most  active  manures,  according  to  the  time  of  their 
application,  and  to  the  characters  of  thd  season.  Moreover,  with 
the  explanations  given,  it  becomes  the  more  intelligible  that,  in 
certain  seasons,  the  accounts  of  the  growing  crops  should  be  very 
conflicting  for  soils  of  different  characters  and  in  different  condi- 
tions as  to  manuring.  A  consideration  of  the  results  obtained  in 
the  next  season,  1870,  which  was  one  of  even  more  prolonged 
drought  than  that  of  1868,  will  be  confirmatory  of  the  explanations 
given  of  the  results  of  that  year,  and  will  afford  further  opportunity 
ifor  usefully  directing  attention  to  the  points  involved. 

Nineteenth  Season,  1870. 

Until  the  middle  of  October  the  autumn  of  1869  was  for  the 
most  part  warm,  with  a  good  deal  of  rain.  From  that  time  until 
the  end  of  the  year  the  weather,  though  including  some  rapid 
fluctuations,  some  very  warm  days,  and  a  warm  period  of  more 
than  a  week  in  the  middle  of  December,  was  otherwise  very  cold 
and  inclement,  and  especially  wintry  towards  the  end  of  October ; 
there  were  numerous  gales  throughout  the  quarter ;  but  there  was 
less  rain  than  usual  in  October,  about  the  average  in  November, 
and  a  considerable  excess  in  December.  The  falls  were  heavy 
and  continuous  at  the  end  of  November,  and  again  in  the  middle 
of  December;  and  the  drains  in  the  experimental  wheat-field 
ran  frequently  from  November  28th,  1869,  to  January  1st,  1870. 
The  first  three  months  of  1870  were  characterised  by  frequent 
alternations  of  warm  and  very  cold  weather — the  colder  periods 
being,  however,  much  the  longer,  and  sometimes  very  severe; 
snow  was  very  frequent,  but  the  rain-gauge  indicated  a  deficient 
fall  in  January,  in  some  localities  a  deficiency  in  February,  but 

and  cold  spring  and  early  summer,  a  greater  excess  of  straw,  and  in  1868, 
-with  very  hot  and  dry  weather  daring  the  most  active  period  of  growth,  a 
greater  excess  of  com. 

It  will  be  understood  that  the  above  remarks  are  not  supposed  to  give  anything 
like  a  complete  description  of  the  characters  and  effects  of  the  seasons  referred  to, 
bat  are  only  intended  to  illustrate  the  difference  of  effect  of  a  given  amount  of 
nitrogen  supplied  as  ammonia-salts  in  the  autumn,  and  as  nitrate  of  "^oda  in  the 
springi  depeodent,  in  great  measure,  on  the  different  degree  of  liability  to  loss  by 
drainage  in  the  two  cases. 
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a  yeiy  heayy  fall  early  in  'the  month,  and  an  excess  in  March. 
From  early  in  April  to  near  the  end  of  the  month  the  weather 
was  very  warm  and  dry ;  then  followed  about  a  fortnight  of  cold 
and  cloudy  weather,  from  which  time  until  nearly  the  end  of 
June  it  was  again  very  warm,  sunny,  and  dry — ^the  three  months 
together  being  not  only  warmer  than  the  average,  bat  very 
unusually  deficient  in  rain.  The  day-temperatures  especially 
were  high,  though  the  night-temperatures  were  in  April  and  May 
low,  but  in  June  high.  The  end  of  June  and  the  beginning  of 
July  were  cold  and  variable,  but  the  remainder — ^indeed,  nearly 
the  whole  of  July,  as  well  as  the  first  half  of  August — were  very 
warm.  Then,  to  the  ei^d  of  September,  a  period  of  aboat  six 
weeks,  the  temperatures  were  pretty  uniformly  below  the  average, 
though  the  weather  continued  fina  Thus,  the  period  of  drought, 
which  had  commenced  widi  April,  continued  to  nearly  the  end 
of  August,  and  even  in  September  there  was  less  than  the  average 
fall  of  rain.  The  great  deficiency  of  rain  throughout  five  con- 
secutive months  was,  moreover,  accompanied  by  gn^eat  dryness  of 
atmosphere — the  degree  of  humidity  of  the  air  being-  in  April 
very  unusually  low,  and  in  May,  June,  July,  and  August,  also 
considerably  below  the  average. 

The  autumn  of  1869,  though,  as  the  details  show,  frequently 
cold,  boisterous,  and  inclement,  was,  upon  the  whole,  not  un- 
favourable for  getting  in  the  seed.  The  winter,  though  changeable, 
included  a  great  deal  of  very  cold  weadier.  In  the  early  spring 
both  field-work  and  vegetation  were  very  backward,  and  at  the 
end  of  April  grass-land  was  very  brown  and  bare.  From  the 
beginning  of  April  until  harvest  the  weather  was,  with  few  ex- 
ceptions, of  short  duration,  warmer  than  usual,  with  a  great 
deficiency  of  rain  and  a  very  dry  atmosphere. 

The  combined  heat  and  drought  were  even  more  extreme  during 
the  months  of  May,  June,  and  July,  1868,  than  during  the  cor- 
responding months  in  1870 ;  but  in  the  latter  year  the  deficiency 
of  rain  commenced  a  month  earlier,  and  continued  later  than  in 
1868.  Hence,  the  grass  crops  suffered  the  more,  indeed  very 
excessively,  in  1870 ;  and,  for  a  parallel,  we  must  go  back  as  far 
as  1844.  As  in  die  two  preceding  years  (1868  and  1869),  the 
reports  of  the  cereal  crops  of  the  country  were  very  variable,  but  • 
for  very  opposite  reasons  in  die  years  of  heat  and  drought,  1868 
and  1870,  as  compared  with  1869.  In  1870,  the  year  now  under 
consideration,  the  wheat  plsmt  suffered  much  before  the  active 
growing  time  began — in  some  cases  from  wire-worm,  and  in 
others  from  frosts ;  in  not  a  few  instances  it  was  ploughed  up  and 
spring-corn  sown ;  whilst,  over  large  areas,  the  remaining  plant 
was  said  to  be  very  thin  on  the  ground,  and  there  was  very  much 
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more  than  usual  difference  in  the  character  of  the  crops  in  ad- 
joining fields.  Stilly  the  best  wheat  lands  were  said  to  carry, 
though  not  a  bulky,  yet  a  very  good  yielding  crop,  and  to  give 
grain  of  very  high  weight  per  bushel.  Estimates  of  the  aggpregate 
yield  for  the  most  part  put  it,  if  not  under,  at  scarcely  over  an 
average;  but  the  annual  report  from  Rothamsted  (though  ad- 
mitting that  the  country  had  probably  produced  some  of  the 
lightest  as  well  as  some  of  the  best  crops  ever  known)  laid  it  at 
rather  over  average.  Barley  was  also  very  variable.  The  seed 
had  for  the  most  part  been  got  in  well,  and,  where  sown  early  and 
in  deep  soils,  was  good ;  buf  when  sown  late,  and  in  light  soils, 
it  had  suffered  very  much  from  the  drought  Oats  were  also 
generally  well  got  in ;  but,  besides  injury  from  wire- worm,  they 
had  suffered  from  the  heat  and  drought  more  than  either  wheat  or 
barley,  and  gave,  upon  the  whole,  a  very  light  crop  throughout 
Midland,  Eastern,  and  Southern  districts. 

The  experimental  wheat-field  gave,  under  all  conditions  of 
manuring,  considerably  less  than  the  average  produce  of  straw ; 
but,  without  manure,  and  with  farmyard-manure,  about  the 
average,  and  with  liberal  artificial  manuring  (mineral  manure 
and  ammonia-salts  or  nitrate  of  soda)  considerably  more  than  the 
average  quantity  of  com.  Under  all  conditions  the  weight  per 
bushel  was  much  over  the  average ;  in  fact,  generally,  though  not 
uniformly,  as  high  as  in  any  preceding  year*  The  following 
results  were  obtained  in  the  experimental  barley-field : — 

Table  XX, — Quantity  and  Quality  of  Barley  on  Selected  Plots. 

Nineteenth  Season^  1870. 


MANURES,  FEB  ACRE. 

PRODUCE  PER  ACRE,  ko. 

Plots. 

Dressed  Com. 

Total 
Corn. 

Straw 

and 

Chaff. 

Total 

Produce 

(Com  and 

Straw). 

Cora 

Quantity. 

Weight 
per  Bosh. 

to 

100 

Straw. 

7 

lO 
40 
1  A 
4A 

4AA 

4C 

14  Tons  Fannyftrd  Manure 

Unmanared 

Mixed  Mineral  Mannre 
200  lbs.  AmTnonia-salta 
Mixed  Mineral  Manure,  and"^ 

200  lbs.  Ammonia-ealta  ..  J 
Mixed  Mineral  Manure,  and\ 

275  lbs.  Nitrate  Soda  (')    / 
Mixed  Mineral  Manure,  and\ 

1000  Ibfi.  (*)  Rape-cake  ../ 

Bushels. 
47* 

18* 
27} 

38 

44.} 
43} 

Ihs. 

57-1 

52*9 

55'6 

54*6 

67-1 
57-1 
580 

lbs. 
2734 

751 
1053 
1539 

2197 
2571 
2569 

Cwt8. 
19} 

12* 
18i 

18* 

20i 

Ihs. 

4950 

1489 

2101 

2945 

4287 
4621 
4857 

123-4 
101*8 
100-5 
109*4 

105-1 
125-4 
112-3 

(>)  400  IbB.  Ammonia^salts  the  first  6  years  (1852-7),  200  lbs.  the  next  10  years 
(1858-67);  275  lbs.  Nitrate  Soda,  1868,  and  since. 
(9)  2000  lbs.  the  first  6  years  (1852-7). 
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The  seed  was  sown  on  March  15;  the  usually  earliest  plots 
were  cut  on  July  27,  and  carted  on  August  5  ;  and  the  remainder 
were  cut  on  August  8,  and  carted  on  August  12.  With  a  very 
unusually  deficient  rain-fall  from  the  date  of  sowing  until  harrest, 
and  also  a  great  deal  of  hot  weather,  the  amount  of  total  produce 
(corn  and  straw  together)  was,  as  might  be  expected,  very  much 
below  the  average ;  and  the  deficiency  of  straw  was  throughout 
greater  than  that  of  com.  Without  -manure,  and  with  mineral 
manure  alone,  the  produce  of  corn  was  only  two-thirds  the  average, 
and  that  of  straw  even  less,  especially  without  manure.  In  most 
other  cases  the  produce  of  straw  was  only  about  two-thirds  the 
average,  whilst  that  of  corn  ranged  from  five-sixths  of  the  average 
to  nearly  avierage.  As  in  1868,  the  deficiency  of  com  was  much 
less  with  farmyard-manure,  and  with  mineral  manure  and  nitrate 
of  soda,  than  with  mineral  manure  and  ammonia -salts.  In  1870 
it  was  also  considerably  less  with  mineral  manure  and  rape-cake. 
The  proportion  of  corn  to  straw  was,  under  all  conditions  of 
manuring,  very  high,  and  under  some  higher  than  in  any  other 
year  of  the  twenty.  It  was  the  highest,  indeed  very  unusually 
high,  with  farmyard-manure,  with  rape-cake,-  and  with  mixed 
mineral  manure  and  nitrate  of  soda.  The  only  years  approaching 
1870  in  proportion  of  com  to  straw  were  1857  and  1865,  both 
of  which  had,  however,  considerably  the  advantage  in  actual 
quantity  of  corn  per  acre.  The  quality  of  the  grain,  as  indicated 
by  the  weight  per  bushel,  was  throughout  considerably  higher 
than  the  average,  and  under  some  of  the  most  liberal  conditions 
of  manuring  it  was  as  high  as,  or  higher  than,  in  any  other 
year. 

Thus,  with  a  drought  of  extraordinary  severity,  extending 
through  the  whole  period  of  active  growth  and  ripening,  accom- 
panied for  the  most  part  with  higher  temperatures  than  usual,  and 
a  very  dry  atmosphere,  the  experimental  wheat-field  gave  con- 
siderably less  straw,  but  with  high  artificial  manuring  considerably 
more  corn,  than  the  ayerage,  and  grain  of  very  high  quality. 
The  spring-sown  barley,  on  the  other  hand,  gave  a  crop  deficient 
in  both  straw  and  corn ;  very  deficient  in  straw,  and  very  deficient 
in  com  also  with  defective  manuring,  though  much  less  so  with 
high  manuring ;  and,  like  the  wheat,  it  gave  grain  of  very  high 
quality.  The  greater  power  of  the  winter-sown  crop  to  withstand 
spring  and  summer  drought  and  heat,  provided  the  subsoil  be 
moderately  retentive,  is  here  again  illustrated. 

Compared  with  1868,  which  was  considerably  hotter  during 
May,  June,  and  July,  but  not  deficient  in  rain  in  April  or 
August  as  well  as  the  intermediate  months  as  was  1870,  the 
experimental  wheat-field  gave,  in   1870,  very  much  less  straw 
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than  in  1868,  but  under  liberal  artificial  manuring  about,  or 
nearly,  as  much  corn.  The  experimental .  barley-field,  on  the 
other  hand,  gave  under  some  conditions  of  manuring  more,  but, 
upon  the  whole,  less  straw,  though,  under  high  manuring,  more 
corn  in  1870  than  in  1868.  In  fact,  owing  to  the  greater'  heat, 
the  soil  was  probably  deprived  of  its  moisture  to  a  greater 
degree  by  the  shorter  drought  of  1868  than  by  the  longer  one 
of  1870,  and  hence  the  less  productiveness  of  the  spring-sown 
crop  in  the  former  than  in  the  latter  year. 

When  speaking  of  the  crop  of  1868,  attention  was  called  to 
the  fact  that  the  farmyard-manure  plot,  and  the  one  receiving 
mixed  mineral  manure  and  nitrate  of  soda,  suffered  much  less 
from  the  drought  than  that  receiving  mixed  mineral  manure  and 
ammonia  salts.  In  1870  the  general  character  of  the  results 
was,  as  already  intimated,  very  similar.  Under  each  of  the 
conditions  mentioned,  the  deficiency  of  straw  was,  it  is  true, 
considerably  greater  in  1870  than  in  1868;  due,  doubtless,  to  the 
much  less  rain  in  April  ;  but  the  produce  of  com  was,  with  farm- 
yard-manure considerably  higher  than,  and  with  mixed  mineral 
manure  and  nitrate  of  soda  nearly  as  high  as,  m  1868  ;  indeed, 
with  farmyard-manure,  it  was  very  nearly  average,  and  with  the 
nitrate,  as  in  1868,  very  much  higher  than  by  mixed  mineral 
manure  and  the  same  amount  of  nitrogen  supplied  as  ammonia 
salts — though,  as  the  produce  by  the  ammonia  salts  was  not  so 
defective  in  1870  as  in  1868,  neither  was  the  excess  by  the 
nitrate  so  great  as  then.  There  can  be  little  doubt  that,  the 
greater  porosity  of  the  soil,  and  the  consequently  greater  power 
of  absorption  and  retention  of  moisture  near  the  surface,  where 
the  dung  was  applied,  and  the  greater  disintegration  and  porosity 
of  the  subsoil,  and  the  more  extended  distribution  of  the 
manure  and  of  the  roots  within  it,  where  the  nitrate  was  used, 
had  again  enabled  the  growing  crops  the  better  to  withstand 
the  heat  and  drought. 

To  sum  up  :  The  extraordinarily  prolonged  season  of  drought 
of  1870,  though  yielding,  as  might  be  expected,  small  amounts 
of  total  produce  (corn  and  straw  together),  of  both  wheat  and 
barley,  but  especially  of  the  spring-sown  crop,  was  remarkable 
for  giving,  of  wheat  grain  even  an  excess,  and  of  barley  grain  much 
less  deficiency,  the  higher  the  manuring ;  much  less  deficiency 
with  farmyard-manure,  and  with  nitrate  of  soda,  than  with 
ammonia-salts;  and,  with  both  crops,  very  high  proportion  of 
corn  to  straw,  and  very  high  weight  per  bushel  of  corq, 
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In  October,  1870,  the  changes  of  temperatare  were  verj 
freqaent,  giving,  however,  about  the  average  for  the  month; 
and  there  was  a  slight  excess  of  rain.  The  first  19  days  of 
November  were  for  the  most  part  cold,  the  remainder  warm, 
bat  the  average  for  the  month  was  low,  and  there  was  a  con- 
siderable deficiency  of  rain.  There  were  about  10  days  of  very 
warm  weather  in  the  middle  of  December,  but  the  b^inning 
and  end  of  the  month  were  cold  ;  the  latter  extremely  so,  with  a 
good  deal  of  snow  and  cold  wind  ;  the  average  for.  the  mcmth 
was  5  or  6  degrees  below  the  average  for  99  years ;  and  the  rain, 
and  melted  snow,  indicated  a  considerable  excess  of  falL  January, 
1871,  with  the  exception  of  a  few  days  in  the  middle  of  the 
month,  was  cold ;  and  at  the  beginning,  and  for  nearly  a  fort- 
night at  the  end,  the  weather  was  extremely  seyere.  From  early 
in  February,  until  the  middle  of  March,  the  weather  was  very 
mild,  and  thence  to  the  end  of  the  month  the  temperatu^nes  were 
very  variable.  There  was  a  full  amount  of  rain  (or  snow)  in 
January,  but  a  de^ciency  in  both  February  and  March  ;  though 
the  melting  of  the  snows  of  January,  succeeded  by  frequent 
rains  early  in  February,  caused  floods  in  many  parts.  April, 
May,  and  June  were,  with  the  exception  of  the  latter  half  of 
April,  which  was  warm  with  a  good  deal  of  south-west  wind  and 
rain,  unusually  cold,  with  a  great  deal  of  east  or  north  wind,  or 
some  compound  of  the  two  ;  and  there  was  an  excess  of  rain  in 
April  and  June,  but  a  deficiency  in  May;  June,  especially, 
being  very  unseasonably  cold  and  wet.  July,  excepting  about  a 
week  after  the  middle  of  the  month,  was  cold,  with  a  con- 
siderable excess  of  rain  ;  but,  from  early  in  August  to  about  the 
middle  of  September,  there  was  a  period  of  6  weeks  of  warm 
and  genial  weather,  from  which  time,  till  the  end  of  September, 
it  was  again  very  cold,  wet,  and  stormy.  August  was  not  only 
warm,  but  there  was  very  little  rain,  whilst  in  September  there 
was,  towards  the  end  of  the  month,  a  great  excess  of  rain.  The 
degree  of  humidity  of  the  air  was  high  in  April  and  June,  rather 
high  in  July,  rather  low  in  May,  very  low  in  August,  and  low 
in  September. 

The  autumn  of  1870  was  thus  changeable  as  to  temperature, 
upon  the  whole  cold,  wet  during  the  first  half  of  September,  and 
also  of  October,  but  afterwards  comparatively  dry  and  favourable 
for  field  work.  The  greater  part  of  the  winter  was  extremely 
severe,  with  a  good  deal  of  show,  and  very  cold  winds ;  the 
remainder  was  mild  and  very  wet,  retarding  field  work  and 
spring  sowing ;  whilst  winter  com  was  very  backward,  in  many 
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cases  injured,  pastures  verj  bare,  and  vegetables  verj  scarce. 
The  liard  winter  had,  however,  killed  many  insects,  and  March 
was  favourable  for  field  work  and  sowing.  With  the  exception 
of  the  latter  half  of  April,  the  remainder  of  the  spring  was  cold 
and  backward.  The  rest  of  the  active  growing  period  was, 
excepting  one  or  two  intervals  of  short  duration,  cold,  bleak, 
and  very  wet;  hay  was  much  damaged,  corn  crops  were  very 
backward,  and  in  many  cases  much  laid.  In  the  greater  part  of 
England,  however,  August  and  the  early  part  of  September  were 
warm  and  dry,  much  aiding  the  ripening  and  getting  in  of  the 
crops ;  but  the  latter  half  of  September  was  cold  and  wet 

With  a  very  severe  winter,  a  cold  spring,  more  than  the  first 
half  of  the  summer  also  cold,  and  a  great  excess  of  rain  in  June 
and  July,  the  reports  of  the  wheat  crop  of  the  country  were,  with 
few  exceptions,  unfavourable.  The  seed  had  mostly  been  got  in 
well,  but  with  a  winter  of  intense  firosts,  and  high  east  winds 
sweeping  the  snow  which  fell  into  the  furrows,  hollows,  and 
hedges,  much  wheat  was  killed  or  injured.  A  good  deal  was 
ploughed  up,  some  re-sown  in  the  spring ;  the  heavy  soils 
suffered  most,  and  the  crops  were  much  laid  in  July ;  but  the 
ripening  and  harvest  periods  were  more  favourable.  Still,  the 
crop  was  estimated  at  much  below  the  average  in  quantity,  and 
considerably,  though  less,  below  the  average  in  quality.  Owing 
to  the  drought  of  the  previous  summer,  and  the  frosts  of  the 
winter,  the  land  was  in  a  very  healthy  condition  for  spring- 
sowing  ;  the  weather  was  favourable  in  March,  and  spring  crops 
were  generally  well  got  in.     Barley  was  throughout  the  early 

Crtions  of  the  season  generally  pronounced  to  promise  well, 
iter,  the  heavier  crops  were  a  good  deal  laid ;  but  at  harvest 
the  aggregate  crop  was  concluded  to  be  considerably  over  the 
average  in  quantity,  and,  for  the  most  part,  of  fair,  or  even  of 
good  quality.  Oats,  on  the  other  hand,  were  more  generally 
less  promising ;  injury  from  wire-worm  was  not  unfrequent,  and 
eventually  the  crop  was  estimated  at  under  average. 

In  the  experimental  wheat-field  the  produce  of  both  corn  and 
straw  was,  by  farmyard-manure,  notably  above  the  average  of 
28  years ;  bu^  without  manure,  and  under  nearly  all  conditions  of 
artificial  manuring,  it  was  in  a  greater  degree  below  the  average, 
and  proportionally  more  deficient  in  com  than  in  straw.  The 
exception  was  the  plot  with  mineral  manure  and  nitrate  of  soda, 
which  gave  more  than  the  average  produce  of  straw,  and  propor- 
tionally less  deficiency  of  corn,  than  the  other  artificial  manures. 
The  weight  per  bushel  of  com  was  also  considerably  below  the 
average  in  all  cases  excepting  with  farmyard  manure  and  the 
mixture  of  mineral  manure  and  nitrate  of  soda.  The  following 
results  were  obtained  in  the  experimental  barley  field  :^* 
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Table  XXI. — Quantity  and  Quality  of  Barley  on  Selectetl  Plots. 

Twentieth  Season,  1871. 


Plot& 


7 
1  O 


4 
1 

4 


O 
A 
A 


4  AA 
40 


MANUHES*  PER  ACRE. 


PRODUCE  PER  ACRE,  *a 


DrecnedCoFD. 


^  "'  iperBiulu 


Total 
Corn. 


Straw        ToUI 
^^      I  Prodaoe 


Oon 

to 

Chatt    i(^™"»^.   J«» 
Stnw).  I    Straw. 


14  Tons  Farmyard  Manure 

UomaDured 

Mixed  Mineral  Manure 
200  lbs.  Ammonia-salts 
Mixed  Mineral  Manure,  andV 

200  lbs.  Ammonia-salts  . .  j 
Mixed  Mineral  Manure,  and ) 

275  lbs.  Nitrate  Soda  C^)     1 
Mixed  Mineral  Manure,  and 

1000  lbs.  (*)  Rape-cake    .. 


Busbels. 
64J 
161 
25 
36i 

461 


46 


47* 


ItM. 

Iba 

Cwta 

5tt«6 

3243 

374 

55-0 

973 

11 

55-6 

1438 

14 

65-6 

2139 

2S\ 

56*5 

2769 

32} 

56-3 

2683 

32| 

56*4 

2809 

32 

Iba. 

7401 

2208 

3002 

4712 

6404 


78-0 
78-8 
92  0 
82-5 

76-2 


6333        73' 5 


6394        78*4 


{})  400  lbs.  Ammonia-salts  the  first  6  years  (1852-7),  200  lbs.  the  next  10  yeais 
(1858-67) ;  275  lb8.'Nitrate  Soda,  1868,  and  since. 
(2)  2000  lbs.  the  first  6  years  (1852-7). 

The  deed  was  sown  on  March  4 ;  the  more  forward  plots,  which 
this  season  were  only  those  manured  with  nitrate  of  soda  and 
phosphates,  and  those  with  rape>cake,  were>cut  on  August  11 
and  12,  and  carted  on  August  16 ;  the  remainder,  indeed  the 
majority,  were  cut  on  August  14  and  15,  and  carted  on  August  21. 
With  nearly  the  whole  of  the  active  growing  period  cold  and 
very  wet,  the  crops  of  this,  the  twentieth  season  in  succession  of 
the  growth  of  barley  on  the  same  land,  were,  under  nearly  all 
conditions  of  high  manuring,  more  bulky  than  usual,  but  many 
of  them  were  much  laid.  The  excess  of  straw,  compared  with 
the  average,  was  especially  great  with  farmyard-manure.  The 
proportion  of  com  to  straw  was  in  all  cases  below  the  average, 
^ut,  with  much  improved  weadier  at  the  ripening  and  harvest 
time,  the  actual  quantity  of  com  per  acre  was,  under  most  con- 
ditions of  high  manuring,  and  especially  with  farmyard  manure, 
above  the  average  ;  and  the  weight  per  bushel  of  dressed  com 
was,  under  all  conditions  without  exception,  above  the  average. 

When  speaking  of  the  results  obtained  in  the  barlej-field  in 
the  two  years  of  summer  drought,  1868  and  1870,  particular 
attention  was  called  to  the  fact  that  the  plots  manured  with  farm- 
yard manure,  or  with  nitrate  of  soda,  withstood  the  drought  much 
better  than  those  manured  with  ammonia-salts.  After  the  wet 
and  cold  spring  and  summer  of  1871,  the  farmyard  manure  still 
gave  very  high  total  produce — indeed  as  high  as  in  any  year  of  the 
twenty  excepting  1864 ;  as  heavy  a  weight  of  straw  as  in  any 
year  excepting  1864  and  1854 ;  and  as  much  corn  as  in  any  year 
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excepting  1864  and  1863.  But  the  nitrate-of-soda  plots,  though 
giving  more  corn,  and  considerably  more  straw,  than  in  either  of 
the  years  of  drought,  did  not  in  this  wet  and  cold  season  show 
the  same  superiority  over  the  plots  manured  with  ammonia-salts 
that  they  did  in  either  1868  or  1870.  The  nitrated  plot— the 
results  of  which  are  quoted  in  the  Tables  (4  A  A) — being  one  of 
the  ripest  in  the  field,  suffered,  it  is  true,  considerably  by  the 
depredations  of  birds  ;  but,  independently  of  this,  there  is  evidence 
enough  that  the  nitrate  did  not  show  the  same  superioNty  over 
the  ammonia-salts  in  the  cold  and  wet  as  io  the  hot  and  dry 
season.  Something  may  be  due  to  the  greater  exhaustion  of  the 
nitrated  plots  in  the  preceding  years  of  drought ;  but  something 
is,  doubtless,  also  due  to  more  loss  by  drainage  of  the  nitrogen  of 
the  spring-sown  nitrate,  than  of  that  of  the  also  spring-sown 
ammonia-salts,  during  the  wet  summer  of  1871. 

In  connection  with  the  fact,  and  the  explanation,  of  the  com- 
paratively defective  result  with  the  nitrate  in  a  wet  summer  when 
applied  to  barley,  the  very  opposite  result  with  wheat  is  of  con- 
siderable interest  Thus,  as  already  mentioned,  there  was,  in  the 
experimental  wheat-field,  much  less  deficiency  of  corn,  and  even 
an  excess  of  straw,  by  the  nitrate,  as  compared  with  the  ammonia- 
salts.  The  explanation  of  the  difTerence  of  effect  with  the  two 
crops  would  seem  to  be,  that  whilst  for  the  wheat  the  nitrate  was 
not  sowQ  until  the  spring,  the  ammonia-salts  had  been  sown  in  the 
previous  autumn,  and  were  subject  to  a  considerable  loss  by  drain- 
age during  several  extremely  wet  periods  of  the  winter,  when 
there  was  no  growth,  and  before  the  nitrate  was  sown.  It  will 
be  remembered  that  a  similar  result  was  obtained  with  wheat 
after  the  wet  winter  of  1868-9 ;  and  also  in  other  years,  as  referred 
to  in  the  foot-note  at  p.  62. 

Finally,  it  will  be  observed  that  the  results  obtained  in  the 
experimental  fields  are  in  the  main  in  accord  with  the  reports  of 
the  crops  of  the  country  at  large,  in  showing  a  considerably 
deficient  wheat-crop,  and  a  barley-crop  above  the  average  both 
in  quantity  and  quality,  though  the  twentieth  in  succession  on 
the  same  land. 


Comparison  of  the  Produce  of  Barley  in  the  least,  and  in  the  mostf 

productive  Seasons  of  the  Twenty. 

The  foregoing  records  of  the  characters  of  the  seasons,  and  of 
the  produce  of  barley  in  each  individual  year  of  the  twenty,  with 
the  comments  made  upon  them,  very  forcibly  illustrate  the 
diversity  between  one  season  and  another,  and  how  very  varied 
is  the  final  result,  dependent  on  the  mutual  adaptations  of  heat, 
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Table  XXII.— Quantity  and  Quality  of  Barley  on  Selected  Plots,  in  the  least, 

and  in  the  most,  prodactiye  Season  of  the  twenty. 
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lO 
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40 
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5-1 

4A 
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4C 

Mixed  Min.  Man.,  and  2000  lbs.  Rape-cake  .. 
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Unmauured        
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200  lbs.  Ammonia-salts 
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13 
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16 
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moisture,  and  stage  of  growth  of  the  crops.  In  no  two  years  has 
one  and  the  same  manure  yielded  precisely  the  same  result  botli 
as  to  the  quantity  and  the  quality  of  its  produce.  Nor  have 
the  seasons  which  have  been  more  or  less  favourable  than  the 
average  for  one  description  of  manure,  been  equally  favourable  or 
unfavourable  for  other  descriptions. 

Referring  to  the  previous  discussion,  and  to  the  materials 
brought  together  in  the  Appendix-Tables  (pp.  179 — 201),  for 
any  more  detailed  consideration  of  the  subject,  it  must  suffice 
here,  by  way  of  illustration  and  summary,  to  call  special  attention 
to  the  produce  yielded  by  the  same  description  and  quantity  of 
manure  in  the  least,  and  in  the  most,  productive  season  of  the 
twenty. 

Table  XXII.  (see  opposite  page)  shows,  side  by  side,  tl^e 
quantity  and  quality  of  the  produce  obtained  in  1854,  which  was 
upon  the  whole  the  most,  and  in  1856,  which  was  upon  the  whole 
the  least,  productive  of  the  twenty  seasons ;  also  the  difference 
between  the  two.  For  the  purposes  of  this  illustration,  the  same 
selection  of  plots  has  been  made  as  in  the  foregoing  consideration 
of  the  produce  of  each  individual  season.  It  is  true  that  one  or 
other  of  the  descriptions  of  manure  specified  may  have  given  more 
com,  or  a  higher  weight  per  bushel,  or  more  straw,  in  some  other 
season  than  it  did  in  1854,  or  a  worse  result,  on  some  point  or 
other,  than  in  1856.  But,  looking  chiefly  to  the  results  obtained 
under  the  best  conditions  of  manuring,  and  the  general  characters 
of  the  produce,  there  can  be  no  doubt  that  the  seasons  selected 
do,  upon  the  whole,  represent,  respectively,  the  least,  and  the 
most,  productive  of  the  series. 

In  the  first  place,  the  weight  per  bushel  of  dressed  com  was 
from  4^  lbs.  to  nearly  8  lbs.  less  in  the  bad  than  in  the  good 
year,  or  from  about  8^  to  nearly  15  per  cent,  less  in  the  one  case 
than  in  the  other.  Under  almost  every  condition  of  manuring, 
1856  was  the  worst  season,  so  far  as  this  point  is  concerned  ;  but 
several  other  seasons  gave  higher  weight  per  bushel  than  1854. 

It  is  obvious  that,  with  a  difference  of  from  8}  to  15  per  cent 
in  the  weight  of  the  bushel,  a  comparison  of  the  actual  number  of 
bushels  of  dressed  corn  in  the  two  seasons  would  much  underrate 
the  difference  in  the  amount  of  produce,  greatly  to  the  disad- 
vantage of  the  most  productive  one.  Accordingly,  the  quantity 
of  total  corrij  per  acre,  has,  in  each  case,  been  calculated  into 
bushels  of  the  assumed  uniform  weight  of  52  lbs.  per  bushel ;  and 
the  results  of  this  calculation  are  given  in  the  second  division  of 
the  Table. 

There  was,  without  manure^  in  the  bad  season  about  15^,  in 
the  good  season  37|  bushels  of  com,  or  a  difference  of  rather 
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more  than  22  bushels  between  the  two ;  and  also  a  difTerence  ia 
the  quantity  of  straw  amounting  to  13  cwts.  per  acre. 

^i\h  farmyard  manure^  the  unfavourable  season  of  1856  ^ve 
scarcely  32  bushels,  whilst  1854  gave  rather  over  60  bushels,  or 
a  difference  of  28^  bushels  of  com;  and  there  was  also  a  dif- 
ference of  IT-J-  cwts.  of  straw. 

Lastly,  the  three  most  productive  artificial  manures  gave, 
respectively,  in  1856,  30f,  36},  and  35 1  bushels  of  com,  and  in 
1854,  66,  68,  and  65^  bushels,  or  a  difference  in  favour  of  the 
good  year  of  35},  3 If,  and  30}  bushels  of  com,  besides  19},  16, 
and  11^  cwts.  of  straw. 

Thus,  with  one  and  the  same  expenditure  for  manure,  there 
was  a  difference  in  the  quantity  of  produce  obtained  in  the  two 
seasons  of  from  30  to  35  bushels  of  com,  and  in  one  case  of  iiearly . 
a  ton  of  straw,  or  not  much  less  than  would  represent  the  average 
barley-crop  of  many  localities. 

It  is  worthy  of  remark  that,  whilst  the  season  of  1856  was  far 
worse  than  that  of  1853  as  regards  both  the  quantity  and  the 
quality  of  the  barley-crop,  1853  was,  for  the  experimental  wheat 
(which  that  year  could  not  be  sown  until  i\^e  spring),  in  every 
particular  worse  than  1856.  Again,  whilst  1854  was  a  decidedly 
more  productive  barley-year  than  1863,  yielding  under  almost 
every  condition  of  manuring  not  only  more  corn,  but  considerably 
more  straw — in  other  words,  a  greater  quantity  of  total  produce, 
indicating  greater  luxuriance — 1863  was,  on  the  other  hand,  a 
considerably  more  productive  wheat^year  than  1854,  and  espe- 
cially so  in  corn.  Both  years  were,  however,  remarkable  for  very 
large  produce  of  both  com  and  straw,  of  both  wheat  and  barley. 

The  years  next  in  order  of  productiveness,  so  far  as  the  barley 
crop  is  concerned,  were  1857  and  1864,  which  were  very  good 
wheat  years  also.  But  neither  1863,  nor  either  of  the  two  years 
last  mentioned,  yielded  anything  like  the  same  amount  of  total 
crop,  com  and  straw  together,  as  1854.  The  years  next  in  order 
to  1856  in  point  of  badness  of  barley-crdp  were  1859,  1860, 
1868,  and  1870 ;  the  deficiency  in  the  two  last-mentioned  years 
being  due  to  summer  heat  and  drought,  but  in  the  other  two 
seasons  to  very  opposite  conditions. 

The  question  arises — to  what  characters  of  season  are  the 
extreme  differences  of  produce  which  have  been  traced  to  be 
attributed  ?  Referring  to  the  details  already  given  respecting 
each  individual  season,  so  far  as  the  other  years  above  enume- 
rated are  concerned,  it  must  suffice  here  to  recall  attention  to  the 
distinctive  characters  of  the  season  of  1856  yielding  the  worst, 
and  of  1854  yielding  the  best,  barley-crop  of  the  twenty  years. 

The  very    unusually   productive   season   of  1854   had    been 
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preceded  by  a  very  severe  winter;  March  and  April  were  upon 
the  whole  warmer  than  usual,  but  May,  June,  July,  and  August 
were  pretty  uniformly  below  the  average  temperature ;  whilst  in 
March,  April,  June,  and  July  there  was  a  very  considerable 
deficiency  of  rain,  though  more  than  the  average  number  of 
rainy  days.  In  May,  however,  there  was  about  double  the  usual 
amount  of  rain,  and  an  unusually  large  number  of  rainy  days. 
In  August,  again,  there  was  a  full  amount  of  rain,  which,  how- 
ever, fell  for  the  most  part  in  heavy  showers,  and  the  month  was 
upon  the  whole  favourable  for  ripening  and  harvest. 

Thus,  the  season  of  1 854  was  characterised  by  prevailing  low 
rather  than  high  temperatures,  an  abundance  of  rain  at  the  period 
of  early  active  growth  (doubtless  favouring  root  development), 
and  again  before  harvest,  but  otherwise  by  dryness  as  well  as 
coolness.  It  would  seem,  therefore,  that  the  large  produce  was 
due  to  a  sufficiency  of  moisture  within  the  soil  when  most 
wanted,  with,  at  other  times,  comparatively  dry  and  temperate 
atmospheric  conditions,  resulting  in  a  continuity  of  unchecked 
growth,  rather  than  in  very  active  luxuriance  at  intervals. 

Compared,  or  rather  contrasted,  with  the  above  climatic  con- 
ditions, those  of  the  extremely  unfavourable  season  of  1856  were 
as  follows: — 

There  had  been  some  severe  weather  in  the  early  part  of  the 
winter,  but  the  later  and  greater  part  was  upon  the  whole  mild. 
March,  April,  and  especially  May,  were  colder  than  the  average, 
whilst  June,  July,  and  August,  though  showing  average  day- 
temperatures  fully  as  high  as  usual,  were  very  changeable, 
and  in  June  and  July  the  nights  were  cold.  In  each  of  the 
months  of  January,  February,  March,  April,  May,  June,  and 
July,  there  was  considerably  more  rain  than  in  the  corresponding 
months  of  1854 — in  all  nearly  6  inches  more;  whilst,  in  April 
there  was  an  excess  over  the  average,  in  May  more  than  double 
the  average,  and  in  August  again  an  excess. 

The  season  of  1856  was,  therefore,  characterised  by  a  great 
excess  of  rain  during  the  early  periods  of  growth ;  considerably 
more  than  in  1854,  and  there  was,  besides,  considerably  more 
than  in  that  year,  both  before  and  after  that  period.  There 
were  also,  almost  throughout,  great  fluctuations,  and  high  ranges, 
of  temperature.  In  other  words,  the  season  was  very  wet,  with 
marked  alternations  of  heat  and  cold,  whilst  it  was,  for  the 
period  of  the  year,  the  coldest  during  the  time  of  the  greatest 
excess  of  rain.  Finally,  there  were  heavy  rains,  with  considerable 
fluctuations  of  temperature,  about  the  ripening  and  harvest 
period.  The  very  bad  result  in  this  season  would  seem  to  be 
due,  therefore,  to  an  excess  of  rain,  with,  at  the  same  time,  great 
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alternations  of  temperature,  during  the  most  active  periods  of 
growth,  entirely  preventing  continuity  of  progress;  whilst  the 
unhealthy  plant  dius  produced  was  subjected  to  unfavourable 
maturing  conditions. 

The  above  description  of  the  climatic  conditions  of  the  two 
seasons,  as  collated  from  meteorological  records,  will  probably 
strike  the  reader  as  not  showing  so  great  a  contrast  as  would  be 
expected  between  the  season  of  the  greatest,  and  that  of  the  least, 
productiveness  of  the  twenty.  Certainly  1854  was  not  marked 
by  individual  periods  of  more  than  ordinarily  active  luxuriance ; 
the  circumstances  were  rather  those  of  steady  and  unbroken 
accumulation,  followed  by  favourable  maturing  conditions.  The 
extremely  productive  season  of  1863  showed  in  this  respect 
similar  characteristics.  It  should  be  remembered,  indeed,  that 
both  wheat  and  barley  will  flourish  under  very  temperate  condi- 
tions. Again,  the  record  of  the  climatic  circumstances  under 
which  the  extremely  bad  crop  of  1856  was  produced,  shows  some 
points  in  respect  to  which,  considered  by  themselves,  it  might  be 
judged  to  have  been  more  favourable  for  luxuriance  than  1854. 
It  is  only  when  the  fluctuations  of  temperature,  the  continuity  of 
the  wetness,  and  the  adaptations  of  heat  and  moisture  to  stage 
of  growth,  are  borne  in  mind,  that  the  result  becomes  intelligiblCi 

These  two  instances,  so  strikingly  contrasted  in  their  results^ 
forcibly  illustrate  the  necessity,  not  only  of  very  careful  and 
detailed  study  of  the  meteorological  registry,  but  also  of  due 
consideration  of  its  indications  in  their  bearings  upon  the  coin- 
cident stage  and  tendency  of  growth  of  the  plant,  if  we  would 
attain  any  really  clear  conception  of  the  connection  between  the 
ever  fluctuating  characters  of  season,  and  the  equally  fluctuating 
characters  of  growth  and  produce. 

Comparison  of  the  average  Annual  Produce  of  Barley  over  the 
first  10,  the  second  10,  and  the  total  period  of  20  years. 

There  is  still  another  point  in  connection  with  the  influence 
of  season  upon  the  crop,  which  should  be  considered  before 
treating  more  exclusively  of  the  effects  of  the  different  manures. 
Thus,  before  attempting  to  compare  the  effects  of  different  ma- 
nures, used  year  after  year  on  the  same  plot,  it  is  obviously  neces- 
sary to  form  a  judgment  whether  the  earlier  or  the  later  seasons 
of  the  series  were,  in  themselves,  the  most  favourable,  so  as  to 
distinguish  as  far  as  possible  between  the  results  due,  on  the  one 
hand  to  more  or  less  favourable  seasons,  and  on  the  other  to 
the  direct  action  of  the  manures,  in  maintaining  a  suitable 
balance  of  the  required  constituents  in  the  soil,  or  in  inducing 
exhaustion,  or  accumulation,  as  the  case  may  be. 
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Table  XXIII. — Average  Annnal  quantity  and  quality  of  Barley,  on  Selected  Plots, 
OYer  the  first  10  years,  the  second  10  years,  and  the  Total  Period  of  20  years. 
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lO 
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In  Table  XXIII.  (p.  77)  there  is  given  the  average  produce  over 
the  first  ten,  the  second  ten,  and  the  total  period  of  twenty  years, 
by  very  different  descriptions  of  manure,  and  a  comparison  of  the 
results  will  illustrate  the  point  in  question.  The  plots  selected 
are  5  out  of  the  7  quoted  in  the  preceding  Tables,  namely — 
that  manured  with  farmyard  manure  every  year ;  the  continuously 
unmanured  plot ;  the  one  with  mixed  mineral  manure  alone  every 
year ;  that  with  200  lbs.  ammonia-salts  alone  every  year  ;  and  that 
with  both  mixed  mineral  manure  and  200  lbs.  ammonia-salts  every 
year.  It  is  obvious  that  these  five  plots  supply  very  various,  and 
very  opposite  soil-conditions,  so  that  the  comparative  effects  of 
the  seasons  on  each  must  have  considerable  significance. 

In  the  first  place,  there  is,  with  each  of  the  five  very  opposite 
conditions  of  manuring,  a  considerably  higher  average  weight  per 
bushel  of  dressed  corn  over  the  second,  than  over  the  first  ten 
years  of  the  twenty  ;  and  the  superiority  is  the  greatest  with  the 
highest  manuring  and  the  heaviest  crops — namely,  with  farmyard 
manure,  and  with  ammonia-salts  and  mixed  mineral  manure  to- 
gether. The  proportion  of  corn  to  straw  is  also  the  higher  over 
the  last  ten  years,  and  the  higher  with  the  heavier  crops.  Further 
evidence  that  the  later  years  were  in  the  main  more  favourable 
than  the  earlier,  at  least  for  the  production  and  maturation  of 
grain,  is  to  be  found  in  the  fact  that  there  was  also  a  less  pro- 
portion of  offal  corn  during  the  second  half  of  the  total  period. 

With  a  considerable  difference  in  the  weight  per  bushel  of  the 
dressed  corn,  it  is  obvious  that  the  comparative  productiveness 
of  the  two  periods  will  not  be  accurately  represented  by  the  actual 
number  of  bushels  of  dressed  corn  in  each  case.  Accordingly, 
as  before,  the  quantity  of  total  com  has  been  calculated  into 
assumed  bushels  of  the  uniform  weight  of  52  lbs.  These  results 
show,  without  manure,  with  mineral  manure  alone,  and  with  am- 
monia-salts alone — that  is,  with  defective  soil-conditions,  a  con- 
siderable deficiency  of  com  over  the  second  half  of  the  period ; 
the  greater  the  more  defective  the  manuring,  and  the  greater  the 
relative  deficiency  of  nitrogen  in  the  soil;  for  the  falling  off 
is  considerably  more  marked  with  mineral  manure  alone,  than 
with  ammonia-salts  alone.  Under  the  same  three  soil-conditions 
there  is  as  great,  or  even  a  greater  deficiency  of  ^traw,  and  conse- 
quently of  total  produce  also,  during  the  later  years. 

With  farmyard  manure,  on  the  other  hand,  the  annual  use  of 
which  has  resulted  in  a  very  great  accumulation  within  the  soil, 
not  only  of  nitrogen,  but  probably  of  every  mineral  constituent 
also,  there  has  been  a  considerable  excess  of  produce  of  both  com 
and  straw,  but  especially  of  cofn,  over  the  second  as  compared 
with  the  first  ten  years. 

With  the  ammonia*8alts  and  mixed  mineral  manure  together, 
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by  which  also  the  soil  has  become  much  richer  in  most  mineral 
<x>n8tituents,  and  at  any  rate  less  exhausted  if  not  richer  in  nitrogen 
than  without  manure  or  with  mineral  manure  alone,  there  is  again 
a  slight  increase  of  corn,  but  a  slight  deficiency  of  straw,  over  the 
later  years. 

The  general  conclusion  from  the  above  results,  as  well  as  from 
others,  not  here  specially  referred  to,  is,  that  the  earlier  years  of 
the  twenty  were,  on  the  average,  as  favourable,  if  not  more  favour- 
able, for  quantity  of  total  produce — that  is  for  luxuriance — than 
the  later ;  but  diat  the  later  seasons  were  much  more  favourable 
for  tendency  to  seed-forming,  and  also  for  the  maturation  of  the 

grain- 
Bearing  in  mind  this  conclusion  as  to  the  progressive  or  retro- 
gressive characters  of  the  seasons  themselves,  we  shall  be  in  a 
pcisition  the  better  to  judge  of  the  effects  of  the  different  manures 
when  used  year  after  year,  for  twenty  years  in  succession,  on  the 
same  land. 


Section  II. — Average  Annual  Produce  by  each 
Description  of  Manure  employed. 

In  this  section  the  object  will  be  to  consider  more  exclusively 
than  hitherto  the  effects  of  different  manures  on  the  barley- crop ; 
to  ascertain  what  conditions  of  manuring  are  the  best  adapted 
for  the  crop  in  the  soil  in  question  ;  to  determine  in  what  con* 
stituent,  or  class  of  constituents,  the  soil  soonest  snows  signs 
of  exhaustion  by  its  growth ;  and  to  compare  the  characters  of 
barley  with  those  of  wheat  in  these  respects.  To  this  end  atten- 
tion will  chiefly  be  confined  to  the  average  results  obtained  by 
each  manure  over  a  series  of  years,  so  as  to  exclude,  as  far  as 
possible,  the  influence  of  variations  of  season,  the  full  considera- 
tion of  which  already  has  so  clearly  indicated,  and  so  greatly 
limited,  the  necessary  reference  to  it  here. 

With  regard  to  the  soil,  as  already  stated,  the  experimental 
barley-field  immediately  adjoins  the  experimental  wheat-field. 
The  soil  of  both  may  be  described  as — *^  a  somewhat  heavy  loam^ 
with  a  subsoil  of  raw  yellowish  red  clay,  but  resting  in  its  turn 
upon  chalk,  which  provides  good  natural  drainage."  Lastly,  the 
wheat-field  is  artificially  pipe-drained,  but  the  barley-field  is  not. 

The  particulars  of  the  manuring,  and  of  the  average  annual 
produce,  and  increase,  by  manure,  on  each  plot,  over  the  twenty 
years,  are  given  at  one  view  in  the  folding  Table  (XXIV.)  facing 
the  next  page.  The  full  details  will  be  found  in  the  Appendix 
Tables  (pp.  179-201)  ;  and  such  abstracts  as  may  be  needed  for 
the  illustration  of  individual  points  will  be  given  as  we  proceed. 

12  I 
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Average  Annual  Produce  without  Manure. 

From  the  commencement,  two  plots,  at  some  distance  from 
one  another,  have  been  left  unmanured  ;  and  a  third  has  received, 
every  year,  a  dressing  of  ashes  (burnt  soil  and  turf),  at  the  rate  of 
20  bushels  per  acre  per  annum.  This  is  much  more  than  the 
quantity  of  the  same  description  of  ashes  mixed  with  the  various 
artificial  manures  to  aid  their  even  distribution  over  the  land. 
The  experiment  was  arranged  to  meet  the  cavil  of  Baron  Liebig, 
that  inasmuch  as  we  had  mixed  ^' ashes"  with  our  manures,  we 
could  not  form  any  judgment  as  to  the  effects  of  the  latter ;  and 
that  doubtless  part  of  the  effect  we  attributed  to  them  was  due 
to  the  "ashes"  also  employed. 

Table  XXV.  (see  page  81)  gives  the  average  annual  pro- 
duce on  these  three  practically  unmanured  plots,  over  the  first 
ten,  the  second  ten,  and  the  total  period  of  twenty  years. 

Looking  first  to  the  quality  of  the  produce,  the  average  weight 
per  bushel  of  dressed  corn  is,  on  all  three  plots,  considerably 
higher,  and  the  proportion  of  corn  to  straw  is  either  higlier,  or 
but  little  lower,  over  the  last  than  over  the  first  10  years. 

This  result  is  doubtless  due,  in  great  measure,  to  the  cha- 
racter of  the  seasons ;  but  the  fact  may  be  taken  as  at  any  rate 
sufficient  evidence  that  there  was  no  deterioration  in  the  cha- 
racter or  health  of  the  plant,  from  growing  the  same  crop  year 
after  year  on  the  same  land. 

The  two  unmanured  plots,  at  opposite  sides  of  the  field,  show 
an  average  annual  difference,  over  20  years,  of  2  bushels  of  com 
and  ^  cwt.  of  straw,  but  considerably  less  over  the  last  10,  than 
over  the  first  10  years.  This  indicates  probably,  that  the  result 
is,  in  part,  at  any  rate,  due  to  a  difference  of  condition  from  pre- 
vious manuring  and  cropping,  which  is  becoming  g^dua)lj 
reduced,  and  so  the  plots  the  more  equalised.  It  is  a  question, 
however,  whether  the  staple  may  not  be  rather  better  on  Plot  ft-1 
than  on  Plot  l-O. 

On  the  other  hand,  the  average  produce  on  Plot  6-2,  receiving 
annually  20  bushels  of  soil  and  turf  ashes  per  acre,  is  only 
precisely  the  same  in  corn,  and  even  rather  less  in  straw,  than 
on  the  immediately  adjoining  plot  (6-1),  which  is  entirely  un- 
manured. Over  the  first  10  years,  indeed,  the  ashed  plot  gave 
rather  less,  both  com  and  straw,  than  the  entirely  unmanured  one, 
though  rather  more  of  both  over  the  second  10  years.  Possibly, 
therefore,  under  the  exhausting  process  of  growing  the  crop  year 
after  year  on  the  same  land,  the  small  amount  of  manurial 
matters  supplied  in  the  ashes  may  eventually — that  is  after,  so  to 
speak,  all  the  previously  acquired  condition  is  worked  out  of  die  soil 
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— maintain  the  yield  at  a  slightly  higher  point  than  it  will  reach 
on  the  absolutely  unmanured  land. 

Tabus  XXV. — ^Average  Annual  Produce  of  Barley  without  Manure,  and  with 

Ashes  (burnt  soil  and  turf.) 


Plota. 


AVBRAGB  AMXDAL  PBODUCB. 


First 
10  Yean, 

lft62-'61. 


Second 
10  Yeais, 

1862-71. 


Total 

Period. 

30  Years. 

1862-71. 


Second 

10  Yean 

over 

(or  under— ) 

flratlO. 


Dressed  Com,  per  Acre — Bushels. 


1  O 
6  1 
6  2 


Unmanured  continuoosly 

Unmanured  continuously  (duplicate) 
20  Bushels  ashes       


Total  Com,  per  Acre — lbs. 


1  O 

6  1 
62 


Unmanured  continuously 

Unmanured  continuously  (duplicate) 
20  Bushels  ashes       


1281 

985 

1133 

1414 

1070 

1242 

1352 

1138 

1245 

-23-1 
-24-3 
-15-8 


Straw  (and  Chaff),  per  Acre — Cwts. 


lO 

6  1 
62 


Unmanured  continuously 

Unmanured  continuously  (duplicate) 
20  fiusheU  ashes       


13) 

10} 

iif 

14 

IU| 

12) 

13 

"i 

121 

23-4 
23-2 
13*5 


Total  Produce  (Com,  Straw,  and  Chaff),  per  Acre — lbs. 


lO 

61 
62 


Unmanured  continuously 

Unmanured  continuously  (duplicate) 
20  Bushels  ashes        


2782 

2126 

2454 

2987 

2273 

2630 

2814 

2391 

2603 

23-6 
23-9 
15*0 


Weight  per  Bushel  of  Dressed  Corn — lbs. 


lO 

61 
62 


Unmanured  continuously 

Unmanured  continuously  (duplicate) 
20  Bushels  ashes       


51*6 
51-5 
51*6 


.53*1 
53-5 
53-6 


52*3 
52*5 
52-6 


2-9 
3-9 
3-9 


Com  to  100  Straw. 


10 

61 
62 


Unmanured  continuously 

Unmanured  continuously  (duplicate) 
20  Bushels  ashes       


85-9 
89-8 
92-0 


87«3 
89-4 
90-9 


86-6 
89-6 
91-4 


1-6 

-  0-4 

-  1-2 


At  any  rate,  the  fact  that  the  plot  manured  with  ashes  has, 
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over  20  years,  not  given  any  more  produce  than  the  immediately 
adjoining  unmanured  plot,  is  a  sufficient  answer  to  the  objection 
that  the  admixture  of  a  much  smaller  quantity  of  the  same  de- 
scription of  ashes  with  the  artificial  manures  used  on  the  other 
plots,  in  any  way  vitiates  the  results,  or  obscures  the  proper  inters 
pretation  of  them. 

The  average  annual  produce  of  barley  on  the  land  in  question, 
without  manure,  may  be  taken  at  about  21  bushels  of  grain,  and 
12  cwts.  of  straw. 

It  will  be  of  interest  to  compare  the  produce  of  barley  without 
manure  with  that  of  wheat  in  the  immediately  adjoining  field. 
Table  XXVI.  (see  next  page)  illustrates  the  point ;  and  for  the 
sake  of  easier  comparison,  the  produce  of  both  crops  is  given  in 
pounds.  For  wheat  the  average  annual  produce  is  given — for  the 
whole  28  years  of  the  experiments ;  for  the  first  20  years,  which 
will,  perhaps,  best  compare  with  the  barley,  so  far  as  condition  of 
land  at  the  commencement  of  the  series  is  concerned ;  and  for  the 
last  20  years,  which  comprise  the  same  period  as  that  of  the  barley 
results,  and  will,  hence,  compare  best  so  far  as  any  influence  of 
season  is  concerned,  but  which  succeeds  8  years  of  the  growth 
of  the  crop  without  manure.  For  the  barley,  the  mean  produce 
of  the  two  unmanured  plots  (l-O  and  6-1)  is  given. 

It  is  seen  that,  over  a  period  of  20  years  without  manure, 
the  barley  has  yielded  a  greater  weight  of  com,  but  less  of 
straw,  per  acre,  per  annum,  than  the  wheat;  This  is  the  case, 
whether  the  produce  of  wheat  be  averaged  over  the  whole  28, 
the  first  20,  or  the  last  20  years.  The  average  weight  of  total  pro- 
duce (corn  and  straw  together)  is,  however,  much  more  nearly  the 
'  same  for  both  crops.  It  is  almost  identical  when  the  comparison 
is  made  with  the  wheat  averaged  over  the  whole  28  years ;  it 
is  in  favour  of  the  wheat  when  the  first  20  years  of  each  crop  is 
taken,  and  in  an  almost  exactly  equal  degree  in  favour  of  the 
barley  when  both  crops  are  taken  over  the  same  period,  namely, 
the  20  years — 1852-'71,  which,  in  the  case  of  die  wheat,  suc- 
ceeded die  removal  of  eight  previous  unmanured  crops,  but  in 
that  of  the  barley  were  the  first  20  years  of  its  continuous  growth. 
Prior  to  the  commencement  of  the  experiments  the  previous 
cropping  had  been  as  under : — 


fVheat'Field. 

Barley-Field. 

Turnips  (dunged). 

Barley. 
Peas. 
Wheat 
Oato 

Turnips  (dung  and  super- 
phosphate) carted  off 
Barley, 
Clover. 
Wheat 
Barley  (sulphate  ammonia). 

for  Twenty  Years  in  succession  on  the  same  Land. 
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Table  XXVL — Average  Annual  Produce  of  Wheat,  and  of  Barley, 

without  Manure. 


AVXBAOK  AMinTAL  PjtODUCB,  tO. 

BaRLKT  KORB  (Ot  LBB8— ) 
THAM  WhBAT. 

Second 

First 

Second 

Period 

Flnt 

Second 

Half 

Half 

Total 

over 

Half 

Half 

Total 

of 

of 

Period. 

(or  under-) 

of 

of 

Period. 

Period. 

Period. 

Vint      , 

Period. 

Period. 

• 

Period.     1 

Total  Com,  per  Acre. 


Wheat:— 

28  years,  1844-1871 
30  years,  1844->1868 
20  years,  1852-1871 

Barlev  *— ^ 

20  years,  1852-1871 


Ibe. 

llM. 

lbs. 

Percent 

lbs. 

IbB. 

1053 

891 

972 

-15-4 

295 

137 

1018 

1035 

1026 

1-7 

330 

-     7 

944 

881 

913 

-  6-7 

404 

147 

1348 

1028 

1188 

-23-7 

Iba. 
216 
162 
275 


Straw  (and  Chaff),  per  Acre. 


Wheat:— 

28  years,  1844-1871 
20  years,  1844-1863 
20  years,  1852-1871 

Barley: — 

20  years,  1852-1871 


1713 

1355 

1.534 

-20*9 

-176 

-183 

1693 

1693 

1693 

•  • 

-1.56 

-521 

1663 

1241 

1451 

-25-4 

-126 

-  69 

1537 

1172 

1354 

-23-7 

180 

339 

97 


2766 

2246 

2506 

-18'8 

119 

-  46 

2711 

2728 

2719 

0-6 

174 

-528 

2607 

2122 

2364 

-18-6 

278 

78 

2885 

2200 

2542 

-23'7 

36 
177 
178 


Total  Produce  (Com,  Straw,  and  Chafif),  per  Acre. 


Wheat:— 
28  years,  1844-1871 
80  years,  1844-1863 
20  years,  1852-1871 

Barley: — 

20  years,  1852-1871 


It  is  possible,  therefore,  that  there  would  be  rather  more  nitrO' 
genous  condition  to  work  out  of  the  barley  than  out  of  the  wheat 
land.  Consistently  with  this,  the  barley  gives  much  more  excess 
of  com,  and  much  less  deficiency  of  straw,  compared  with  the 
wheat  in  the  earlier  years.  It  also  shows  much  more  rapid 
decline  in  total  produce  than  the  wheat  The  evidence  leads  to 
the  conclusion,  therefore,  that  the  wheat  will  eventually  maintain 
a  somewhat  higher  total  produce  than  the  barley.  This  is  what 
would  be  expected  with  the  autumn-sown  crop,  with  its  longer 
period  for  root-development,  and  consequent  possession  of  a 
greater  range  of  soil  for  the  collection  of  food. 

It  has  already  been  shown  that  what  may  be  termed,  in  an 
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agricultural  sense,  corresponding  crops  of  wheat  and  bodr 
require  very  nearly  identical  amounts  of  the  difierent  (xmsdtini 
to  be  available  within  the  soil.  These  results  show,  expo- 
mentally,  how  nearly  equal  are  the  amounts  of  ffross  prodmstii 
the  two  crops,  which  a  soil  in  a  given  condition  will  yield;  i 
it  seems  probable  that  the  only  difference  will  be  that  whiiis 
due  to  varying  adaptation  of  season,  and  to  the  greater  or  la 
root-range  of  the  one  crop  or  the  other. 

Average  Annual  Produce  hy  Farmyard  Manure, 

Table  XXVII.  shows  the  average  annual  prodace  of  borir 
and  the  increase  over  the  mean  produce  without  manare^  bjiE 
annual  dressing  of  14  tons  of  farmyard  manure  per  acre. 

Table  XXVII. — ^Average  Annual  Produce,  and  Increase  of  Barley  by  FanaTidlE 

(Plot  7.)  '        1 


Dresaed  Cora  per  acre bushels 

Total  Cora  per  acre       ll». 

Straw  (and  Chaff)  per  acre  ..  ..  cwts. 
Total  Prodnce(0>ra,Straw,ftc)  per  acre  Iha 
Weight  per  Bushel  of  Dressed  Cora  lbs. 
Cora  to  100  Straw       


AvKBAOB  AiniUAL  PaoDGCs,  ha. 


First 
10  Years, 


45 
2541 

96f 
6325 
52-6 
85*6 


Second 
10  Years, 

isea-'n. 


6li 
2995 

29| 
6342 
56*0 
91*8 


Total 

Period, 

20  Years, 


2768 
28i 
5933 
54-3 
88*5 


Second 
10  Yean 

over 

(or  under  — ") 

Fhvt 

10  Yeax& 


Per  Cent 

14-4 

17*9 
12-2 
14-3 

6-5 

6-7 


laas-'eLl  M-::! 


21t 
1193 

VH 
2640 
1-© 
—2-3 


I 


Unlike  the  produce  without  manure,  that  by  farmjaiti  manorv 
was,  in  every  particular  of  quantity,  as  well  as  quality,  «»• 
siderably  higher  over  the  second  than  over  the  first  lO'  ^kl 
Taking  the  average  of  the  first  10  years,  the  prodace  of  ccra 
was  exceeded  by  several,  and  that  of  straw  by  more,  of  the.ait^ 
ficial  manures ;  but,  over  the  second  10  years,  it  was  in  no  case 
exceeded  in  average  amount  of  corn,  and  in  only  one  fiwf  is 
amount  of  straw.  Averaged  over  the  whole  period  of  20  ycsrs. 
however,  several  of  the  mixtures  of  mineral  and  nitrogeoon 
manure  approached,  and  some  even  surpassed,  it  in  produce  <rf 
corn,  more  did  so  in  straw,  and  several  in  total  produce  (con 
and  straw  together). 

The  individual  years  in  which  the  dunged  plot,  more  or  loi, 
exceeded  all  others,  were — in  produce  of  com,  1859,  1862  18W, 
1865,   1866,  1867,   and  1871;  in  produce  of  stmw,  1862  and 
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1866 ;  and  in  total  produce,  1859,  1862,  1865,  1866,  and  1871. 
For  information  as  to  the  characters  of  season,  under  the  influence 
of  which  these  results  were  obtained,  we  must  refer  to  the  descrip- 
tion of  the  respective  seasons  in  Section  1. 

Whilst  the  unmanured  land  gave  an  average  annual  produce 
of  onlj  21  bushels  of  dressed  corn,  and  about  12  cwts.  of  straw, 
the  farmjard  manure  gave  48^  bushels  of  dressed  corn,  and  284* 
cwts.  of  straw ;  or  an  average  increase  over  the  mean  unmanured 
of  27^  bushels  of  com,  and  16J  cwts.  of  straw. 

During  the  20  years,  280  tons  of  dung,  containing  from  80  to 
90  tons  of  dry  solid  matter,  have  been  applied  per  acre.  But 
the  produce  has  only  amounted  to  about  24|  tons  of  corn,  and 
28^  tons  of  straw,  or  in  all  to  only  53  tons ;  and  the  increase,  over 
the  produce  without  manure,  has  only  been  about  14 J  tons  of 
com,  and  16-^  tons  of  straw — in  all  30^  tons  of  total  increase; 
which  certainly  would  contain  less  than  one-third  as  much  dry 
solid  matter  as  was  supplied  in  the  dung.  The  manure  would, 
in  fact,  supply  to  the  soil  very  much  more  of  carbon,  of  nitrogen, 
of  phosphoric  acid,  of  potass,  of  lime,  of  magnesia — indeed,  pro- 
bably of  every  constituent,  than  the  total  produce  contained  ;  and, 
of  course,  a  still  greater  excess  over  the  amounts  taken  off  in  the 
increase  of  produce. 

It  is  evident  that  there  must  be  a  very  gpreat  accumulation  of 
constituents  in  the  soil  of  the  dunged  plot.  Of  nitrogen,  for 
example,  from  3  to  4  times  as  much  has-been  applied  as  to  any 
of  the  artificially  manured  plots ;  and,  judging  from  the  deter- 
minations of  nitrogeh  in  the  soil  of  the  dunged  plot  in  the  wheat- 
field,  it  is  probable  that  the  percentage  of  that  substance  in  the 
surface-soil  of  the  dunged  barley  plot  has,  during  the  20  years, 
been  nearly  doubled.  Yet,  mixtures  of  mineral  manure  and  am- 
monia-salts, or  nitrate  of  soda,  supplying  nitrogen  in  so  much  less 
quantity,  but  in  a  more  readily  available  condition,  frequently 
gave  about  the  same,  and  sometimes  more,  produce  than  the  dung. 
It  is  obvious,  too,  that  the  large  amount  of  nitrogen  accumulated 
in  the  soil  of  the  dunged  plot  is  in  a  far  less  available  Or  effective 
condition  than  the  much  smaller  quantities  annually  supplied  as 
ammonia-salts  or  nitrate  of  soda. 

In  order  to  ascertain  in  what  degree  the  accumulated  nitrogen 
and  other  constituents  will  be  annually  available,  and  for  what 
length  of  time  any  residue  will  remain  effective,  the  dunged  plot 
has,  since  the  removal  of  the  twentieth  crop,  been  divided  into 
two  portions — one  to  receive  dung  annually,  as  before,  and  the 
other  to  be  left  unmanured,  probably  until  the  produce  on  it 
approximates  to  that  of  the  continuously  unmanured  plot. 

The  following  Table  shows  the  results  obtained  by  the  annual 
application  of  14  tons  of  dung  per  acre,  for  barley,  and  for  wheat. 
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respectively.  As  before,  the  prodace  is,  for  easy  comparison,  given 
in  pounds,  and  that  of  the  wheat  is  averaged  over  the  whole  28, 
the  first  20,  and  last  20  years. 

Table  XXVIIL— Average  Annual  Produce  of  Wheat,  and  of  Barley, 
by  14  tons  Fannyard  Manure  per  Acre,  per  Annum. 


Atkragk  AnvAL  Piooucb.  Isc. 


Pint 
Hair  of 
Peripd. 


Second 
Hair  of 
Period. 


Totel 
Pferlod. 


Scoond 

Period  over 

(or  under —) 

First  Poiod. 


Barley  over  (or 
Wheat. 


under—) 


First 
Half  of 
Period. 


Second 
Hair  of 
Period. 


Total 


Total  Com,  per  Acre. 


Wheat:— 

28  years,  1844-1871 
2U  years,  1844-1863 
20  years,  1852-1871 

Barley: — 

20  yearn,  1852-1871 


11». 
1953 
1757 
2145 

2541 


Ibe. 
2335 
2395 
2385 

2995 


Iba. 
2144 
2076 
2265 

2768 


,    Per  Gent. 
19-6 
36*3 
11*2 


17-9 


IlML 

588 
784 
896 


lbs. 
660 
600 
610 


624 
692 

sua 


Straw  (and  Chaff),  per  Acre. 


Wheat:— 
28  years,  1844-1871 
20  years,  1844-1863 
20  years,  1852-1871 

Barley  t*— 
20  years,  1852-1871 


3332 

3801 

3567 

14-1 

-348 

-454 

8071 

3960 

3515 

28*9 

1  -  87 

-613 

3795 

3803 

3799 

0-2 

1  -811 

-456 

2984 

3347 

8165 

12*2 

1 

402 
350 

634 


Total  Produce  (Com,  Straw,  and  Cbafif),  per  Acre. 


Wheat  :— 
28  years,  1844-1871 
20  years,  1814-1863 
20  years,  1852-1871 

Barley : — 

20  years,  1852-1871 


5286 

6136 

5711 

16-1 

240 

806 

4828 

6355 

5591 

31*6 

697 

-  13 

5940 

6188 

6064 

4*2 

-415 

154 

5525 

6342 

5933 

14*8 

/ 

222 
342 
131 


The  produce  of  wheat  as  well  as  of  barley  was  considerably 
higher  over  the  later  than  over  the  earlier  years ;  bat  the  rate  of 
increase  was  very  much  less  over  the  last  20  than  over  the  first  20 
of  the  total  28  years.  It  may  be  mentioned  here,  in  passing,  that 
in  only  4  of  the  28  years  has  the  produce  of  wheat-grain  been 
higher  on  the  dunged  than  on  any  of  the  artificially  manured 
plots,  namely,  in  1855,  1859,  1866,  and  1871 ;  and  in  every 
year  it  has  been  surpassed  in  weight  of  straw,. and  of  total  pro- 
duce (com  and  straw  together),  on  one  or  more  of  the  artificially 
manured  plots. 
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As  without  manure,  so  with  farmjard  manure,  over  whichever 
period  the  wheat  is  averaged,  the  barlej  gives  a  considerably 
greater  quantity  of  corn,  bat  considerably  less  straw,  than  the 
wheat.  Of  total  produce,  however,  when  the  wheat  is  averaged 
over  the  whole  28  years,  the  barley  gives  (over  20  years)  an 
average  annual  excess  of  222  lbs.  over  the  wheat ;  when  the  first 
20  years  of  wheat  is  taken  the  excess  of  barley  is  342  lbs.  per 
acre  per  annum  ;  but  when  both  wheat  and  barley  are  taken  over 
the  same  20  years  (in  the  case  of  the  wheat  after  8  preceding 
years  of  the  same  manuring  and  cropping),  the  barley  gives  a 
slight  average  annual  deficiency  of  total  produce,  namely, 
131  lbs.* 

From  these  facts  it  may  be  concluded  that,  excepting  differences 
doe  to  season,  or  other  incidental  causes,  a  given  amount  of  farm- 
yard manure  annually  applied  to  a  given  soil  will,  when  averaged  , 
over  a  sufficient  period,  yield  identical  amounts  of  total  produce 
of  the  autumn-sown  and  autumn-manured  wheat,  and  of  the 
spring-sown  and  spring-manured  barley. 

The  practice  of  applying  14  tons  of  farmyard  manure  per 
acre,  per  annum,  is,  it  is  true,  as  unusual  as  that  of  growing 
either  wheat  or  barley  so  many  years  in  succession  on  the  same 
land.  Nevertheless,  the  results  of  such  an  experiment  are  of 
much  interest.  They  may  be  briefly  summarised  as  follows : — 
With  the  great  accumulation  of  constituents  within  the  soil,  the 
produce  of  both  crops  is  higher  in  the  later  than  in  the  earlier 
years ;  much  more  corn,  but  much  less  straw,  was  obtained  with 
the  spring-sown  and  spring-manured  barley,  than  with  the  autumn- 
sown  and  autumn-manured  wheat ;  but  the  two  crops  gave  almost 
identical  amounts  of  average  annual  total  produce  (com  and  straw 
together).  Notwithstanding  that  the  dung  supplied  several  times 
as  much  nitrogen,  and  more  of  all  other  constituents,  its  produce 
seldom  exceeded  that  of  some  of  the  artificial  mixtures  of  mineral 
manure  and  ammonia-salts,  or  nitrate  of  soda. 

Lastly  in  regard  to  the  effects  of  the  farmyard  manure^  attention 
has  been  called  (pp.  55-57  and  67)  to  the  influence  of  the 
accumulated  matter  on  the  physical  condition  of  the  soil,  in- 
creasing its  porosity,  enabling  it  to  retain  more  moisture,  and 
rendering  the  crop  much  less  liable  to  injury  from  adverse 
climatic  conditions,  and  especially  from  drought    Future  experi- 

*  The  general  resalt  is  the  same  whether  the  acrease  produce  of  the  two  crops 
be  compared,  as  above,  or  only  the  increa$e  of  prodoce  by  mannre ;  and  as  in 
adopting  the  increase  as  the  basis  of  comparison,  ue  diminution  of  produce  with- 
out manure  (which  moreover  was  different  for  the  two  crops)  would  be  a  necessary 
clement  affecting  the  calculation,  it  is  concluded  that,  for  the  purpose  in  view, 
the  comparison  of  the  produce  of  the  two  crops  is  less  open  to  objection  than  that 
of  the  inereaee. 
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ment  will  show  in  what  degree  the  accnmulated  residae  from 
the  previoas  manuring  is  effective  for  succeeding  crops  ;  and  the 
effects  of  the  different  artificial  manures  now  to  be  considered, 
will  show  to  what  constituents  of  the  dung  the  increase  of  pro- 
duce it  has  yielded  has  most  probablj  been  mainlj  due. 

Average  Annual  Produce  by  purely  Mineral  Manure. 

Under  this  head  attention  will  chiefly  be  directed  to  the  results 
obtained  on  the  plots,  and  bj  the  manures,  as  under : — 

Plot  2  0-— Superphosphate  of  Lime. 

Plot  3  O— "Mixed  Alkali-salu"— a  mixture  of  sulphates  of 
Potass,  Soda,  and  Magnesia. 

Plot  4  O — "  Mixed  Mineral  Manure  " — a  mixture  of  the  **  Su- 
perphosphate of  Lime,"  and  the  ^*  mixed  Alkali-salts.*' 

Table  XXIX.  shows  the  average  annual  produce  and  increase 
bj  these  manures.     (See  next  page.) 

The  first  point  to  remark  is  that,  as  without  manure  and  with 
farmyard  manure,  so  with  these  purely  mineral  manures,  the 
weight  per  bushel  of  dressed  com  is,  in  each  case,  considerably 
higher  over  the  second  than  over  the  first  10  years.  The  propor- 
tion of  corn  to  straw  is  also  higher  over  the  later  years.  This 
result  is  doubtless  in  great  measure  due  to  season.  Still  it  is 
clear  that  in  these  points  of  quality  there  is  no  deterioration  in 
the  crop. 

In  point  of  quantity^  however,  the  result  is  very  different. 
There  is,  with  each  of  the  manures,  a  very  considerable  falling 
off  in  the  average  annual  amount  of  com,  of  straw,  and  of  total 
produce,  over  the  second  as  compared  with  the  first  10  years; 
and  rather  more  where  the  salts  of  potass,  soda,  and  magnesia,  are 
used,  whether  alone  or  in  admixture  with  superphosphate,  than 
where  the  superphosphate  is  used  alone.  Where  the  superphos- 
phate and  mixed  alkali-salts  are  used  together,  the  greater  falling 
off  in  the  later  as  compared  with  the  earlier  years  would  seem  to 
be  connected  with  a  higher  produce  by  that  manure  than  by  the 
superphosphate  alone  in  the  earlier  years;  whilst,  in  the  later 
years,  the  produce  by  the  two  manures  approximates  more  closely. 
Lastly  on  this  point,  the  average  annual  increase  over  the  unma- 
nured  produce  is  not,  by  either  manure,  widely  different  over  the 
two  periods  ;  but  where  the  superphosphate  and  the  mixed  alkali- 
salts  are  each  used  separately,  the  increase  is  rather  greater,  and 
where  they  are  used  together  rather  less,  over  the  second  10 
years — indicating  a  slightly  less  rate  of  decline  than  without 
manure  with  the  two  former,  and  a  slightly  greater  decline  with 
the  more  complete  manure — accounted  for  by  its  proportionally 
greater  increase  over  the  earlier  years. 


for  Twenty  Years  in  succession  on  the  same  Land. 


89 


Tablb  XXIX. — Average  Annual  Produce,  and  Increase,  by  purely  Mineral  Manures. 


MAKUBES  PER  ANNUM. 


Atvbagk  AraniAL  Pboducb,  ftc. 


FIrat 

10  Years, 

1852-'6L 


Scoood 
10  Yean, 


Total 

Period. 

20  Years. 


Seoond 

10  Years 

over 

(or  tinder  — ) 

First  10. 


IiroBRASB  07KR  (oT  Under  — ) 
UincAiruBBD  (Plots  1  0  and  6-1.) 


First 
10  Years, 

1862-^0. 


Second 
10  Years, 

1889-'7L 


Dressed  Com,  per  Acre — Bushels. 


2 
3 


O 
O 


4  O 


Superphosphate 
Mixed  Alkali-salts . . 

(Superphosphate  and^ 
Mixed  Alkali-salts/ 


28 

23| 

25| 

24i 

20i 

22^ 

dO| 

24J 

27J 

Total  Com,  per  Acre — lbs. 


2  O 

3  O 

4  O 


Soperphoephate 
I  Mixed  Alkali-salts  .. 
!j  Superphosphate  and\ 
t     Mixed  Alkali-Balts/ 


1317 
1139 

1387 


1439 
1268 

1550 


-15-7 
-18-4 

-19-0 


214 
48 

365 


Straw  (and  Chaff),  per  Acre — Cwts. 


2  O 

3  O 


Superphosphate 
Mixed  Alkali-salts . . 


.  rk    /Superphosphate  and\ 
*  "    \     Mixed  Alkali-salts/ 


141 

idi 

16i 


-20-2 
-22-5 

'1 

,     -21-7 

1 

8| 

Total  Produce  (Corn,  Straw,  and  ChaflF),  per  Acre — ^Ibs. 


21 


Total 

Period, 

20  Years, 

ISSd-'Tl. 


Per  Cent. 

-I7'0 

*\ 

6 

*i 

-19'1 

u 

li 

li 

-20*0 

61 

«i 

6i 

21 


2  O 

3  O 

4  O 


Superphosphate 
Mixed  Alkali-salts  .. 

{Superphosphate  and\ 
MUed  Alkali-salts/ 


3223 
2944 

3517 

2639 
2338 

2807 

2931 
2641 

3162 

-18-1 
-20-6 

-20-2 


Weight  per  Bushel  of  Dressed  Com — lbs. 


2  O  I  Superphosphate 

3  O  I  Mixed  Alkali-salts.. 

A  {\  /Sdperphosphate  and\ 

*  "  \    Mixed  Alkali-salts/ 


52-1 

54*4 

53*2 

51-8 

64*3 

63*0 

52-3 

54-6 

53-4 

4-4 

4-8 

4-4 


0-6 
0-3 

0-8. 


1-1 
1-0 

1-8 


Corn  to  100  Straw. 


2  O 

3  O 

4  O 


SuperohoBphate 
Mixed  Alkali-salts 

{Superphosphate  and\ 
Mixed  Alkali-salts/ 


389 
99 

621 


0*8 
0*6 

l-O 


93*8 

100-4 

97*1 

7-0 

5-9 

12'0 

9-0 

90*0 

94-7 

92-4 

5*2 

2-1 

6-S 

4-3 

95*1 

97-7 

96*4 

2-7 

7-2 

9-3 

8*3 
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Over  the  whole  period,  the  average  annaal  produce  bj  super- 
phosphate of  lime  alone,  is  25-|-  bushels  of  dressed  com,  and  ISf- 
cwts.  of  straw;  by  the  mixed  alkali-salts  alone,  22-}-  bushels  of 
dressed  corn,  and  \i^  cwts.  of  straw ;  and  bj  the  two  manures 
together,  27^  bushels  of  com,  and  14|  cwts.  of  straw.  The  unma- 
nured  produce  being  21  bushels  of  com,  and  12  cwts.  of  straw, 
the  average  annual  increase  is,  by  the  superphosphate  alone,  4^ 
bushels  of  com,  and  1^  cwt  of  straw ;  by  the  mixed  alkali-salta, 
1^  bushel  of  corn,  and  \  cwt  of  straw ;  and  by  the  mixture  of 
the  two,  64-  bushels  of  com,  and  2^  cwts.  of  straw. 

Neither  of  these  purely  mineral  manures  has,  then,  sufficed 
to  yield  anything  like  a  fair  crop  of  barley.  The  mixed  alkali- 
salts  alone  have  given  scarcely  any  increase  at  all.  It  was, 
therefore,  not  in  an  available  supply  of  potass,  soda,  or  magnesia, 
that  the  soil  was  rendered  relatively  deficient,  either  by  the 
previous  ordinary  cropping,  or  by  the  continuous  growth  of 
barley.  Superphosphate  of  lime  alone  gave  but  little,  thoagb 
still  notably  more  increase  than  the  mixed  alkali-salts.  It  would 
appear,  therefore,  that  there  was,  within  the  range  of  the  roots^  a 
greater  relative  deficiency  of  available  phosphoric  acid  than  of 
available  alkalies.  The  mixture  of  the  two  manures,  again,  gave 
slightly  more  increase  than  either,  or  than  both,  used  separately. 

The  explanation  of  the  effects  of  these  mineral  manures,  and 
of  the  great  falling  ofi*  in  the  produce,  not  only  by  them,  bnt 
without  manure,  probably  is,  that  in  each  case  the  produce 
has  been  limited  by  the  supply  of  available  nitrogen  accumulated 
within  the  soil,  whether  from  previous  cultivation,  manuring,  and 
cropping,  or  by  annual  deposition  and  absorption ;  and  that,  with 
the  increased  supplies  of  available  mineral  matter  near  the  sur- 
face, rooted evelopm en t  has  been  more  or  less  increased,  possession 
thus  acquired  of  a  greater  range  of  soil,  and,  with  this,  access 
obtained  to  more  of  its  stored-up  nitrogen.  On  this  view,  the 
^^ condition*^  of  the  soil,  as  distinguished  from  its  normal  or 
natural  fertility,  is  at  any  rate  so  far  as  available  nitrogen  is  con- 
cerned, being  gradually  worked  out  by  the  growth  of  the  crop, 
whether  without  manure,  or  with  the  purely  mineral  manures ; 
and  it  remains  to  be  seen  whether  or  not  the  point  of  normal 
annual  produce  has  yet  been  reached. 

There  are  two  other  plots  receiving  annually  mineral  manure 
alone ;  namely  5  O,  and  M ;  the  full  particulars  of  which  will  be 
found  in  the  Appendix  Tables.  They  are  much  smaller,  and  at 
the  opposite  end  of  the  field  from  the  other  mineral-manured 
plots,  and  the  results  seem  not  altogether  comparable  with  those 
of  the  latter,  though  there  is  less  reason  to  suppose  that  they  are 
not  so  with  one  another.     Plot  5  O  has  received  annually  super- 
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phosphate  of  lime  and  sulphate  of  potass  (that  is  excluding  sul- 
phates of  soda  and  magnesia) ;  and  Plot  M  has  received  super- 
phosphate, and  sulphates  of  soda  and  magnesia  (that  is  excluding 
sulphate  of  potass). 

The  mixture  of  superphosphate  and  potass-salt  has  given  an 
annual  average  of  slightly  more  corn,  but  no  more  straw,  than 
the  superphosphate  and  soda  and  magnesia  salts,  without  potass. 
The  produce  bj  both  manures  has  fallen  off  over  the  later  as  com- 
pared with  the  earlier  years,  so  far  as  com  is  concerned  ;  but  by 
that  including  potass  it  has  done  so  more  than  by  the  one  without 
it;  and  whilst  by  the  manure  containing  potass,  the  produce  of 
straw  also  has  fallen  oSy  that  by  the  soda  and  magnesia  without 
potass  has  even  increased  in  straw  during  the  later  years.  Taken 
over  the  whole  period,  the  mixture  of  superphosphate  and  potass- 
salt  has  given  annually  about  1-|-  bushel  more  com,  but  only 
exactly  the  same  amount  of  straw,  as  that  with  soda  and  magne- 
sia, but  without  potass.  The  crop  was,  however,  in  both  cases 
most  miserable;  in  the  one  only  22-|-,  in  the  other  only  21^- 
bushels  of  com,  and  in  both  only  12^  cwts.  of  straw. 

It  may  be  concluded  that  there  was  in  neither  case  any  defi- 
ciency of  mineral  matter  for  such  meagre  crops ;  but  that  in  the 
one  the  relatively  liberal  supply  of  potass  favoured  seeding  ten- 
dency, and  in  the  other  the  salts  of  soda  and  magnesia,  whether 
by  action  on  the  soil,  or  more  directly  on  the  development  of  the 
plant  itself,  favoured  some  increase  of  plant,  without  corresponding 
seeding  tendency.  Evidence  of  the  effects  of  superphosphate 
and  potass-salts,  compared  with  superphosphate,  potass,  soda, 
magnesia-salts  will  be  forthcoming  when  the  results  obtained 
with  these  mixtures  in  conjunction  with  nitrogenous  manures 
are  considered. 

It  will  be  of  interest  to  compare  the  efl[ects  of  purely  mineral 
manures  on  wheat,  and  on  barley.  The  following  Table  (XXX.) 
shows  the  effects  of  the  same  '*  mixed  mineral  manure,"  used  over 
the  same  period  of  20  years,  with  the  two  crops.  As  in  the  case 
of  the  experiment  with  farmyard  manure,  the  produce,  not  the 
increase,  of  the  two  crops  is  taken  for  illustration,  and,  mutatis 
mutandis^  for  similar  reasons.  But  it  should  be  further  explained, 
that  whilst  in  the  case  of  the  wheat  plot,  8  crops,  variously  but 
upon  the  whole  liberally  manured,  had  already  been  taken,  in 
that  of  the  barley  the  period  commences  with  the  first  year  of 
the  experiments. 

As  without  manure,  and  with  farmyard  manure,  so  with  the 
mixed  mineral  manures,  barley  yields  considerably  more  g^in 
than  wheat — ^in  fact,  not  far  short  of  one-half  more.  On  the  other 
hand,  it  gives  rather  less  straw,  but  of  total  produce  (corn  and 
straw  together)  considerably  more  than  the  wheat.     It  may  be 
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added  that,  although  the  figares  and  tlfeir  relations  would  difler, 
more  or  less,  if  the  increase  instead  of  the  produce  were  taken 
for  comparison,  yet  the  general  results  would  be  the  same. 

Table  XXX. — ^Average  Annual  Produce  of  Wheat  and  of  Barley  by  purely 

Mineral  Manure. 


AVBBAGB  AXKUAL  PRODCCS,  &C. 


MANURIiS  PER  ACRE.  PER  ANNUM  :- 
3^  Cwts.  Saperphosphate  of  Lime. 
200  lbs.  {})  Sulphate  Potass, 
loo  lbs.  («)  Salphate  Soda. 
100  Iba.  Sulphate  Magaeaia. 


First 
10  Yean, 

1852-'61. 


Second 
10  Years, 

1862-71. 


Total 

Period, 

20  YeaiB» 

1862'-71. 


Second 

10  Yean 

over 

(or  under—) 

First  10. 


n^ 


rotal  Corn,  |)er  Acre — lbs. 


Wheat  (Plot  5)  20  yeaia,  1852-1871 
Barley  (Plot  4  O)  20  years,  1852-1871 

Barley  over  (or  under  — )  Wheat 


1149 
1712 


563 


987 
1387 


400 


1068 
1550 


482 


Percent. 
~14-1 

-19-0 


Straw  (and  Chaff),  per  Acre — lbs. 


Wheat  (Plot  6)  20  years,  1852-1871 
Barley  (Plot  4  O)  20  years,  1852-1871 

Barley  over  (or  under  — )  Wheat 


1919 
1805 

1437 
1420 

1678 
1612 

-114 

-17 

-65 

-25«1 
-21-3 


Total  Produce  (Com,  Straw,  and  Chaff),  per  Acre — lbs. 


Wheat  (Plot  5)  20  years,  1852-1871 
Barley  (Plot  4  0)  20  years,  1852-1871 

8068 
3517 

2424 
2807 

2746 
3162 

-21-0 
-20-2 

Barley  over  (or  under  — )  Wheat 

• 

449 

383 

417 

Q)  300  lbs.  for  the  fiist  6  years  of  barley,  and  Hrst  7  years  of  wheat. 
(*)  200  lbs.  for  the  fiist  6  yeare  of  bai*ley,  and  firet  7  years  of  wheat. 

The  result  itself  is  remarkable  from  several  points  of  view. 
The  wheat  plot,  although  it  had  previously  yielded  8  experimen- 
tal crops,  had,  during  that  time,  recc^ived  considerable  quantities 
of  mineral  manure  and  ammonia-salts,  and  some  rape-cake  also. 
It  would  be  supposed,  therefore,  that  ^ere  was  more  ^* condition** 
to  work  out  of  it  than  out  of  the  barley  plot  Then  again,  the 
assumed  greater  root-range  of  the  autumn-sown  wheat,  than  of 
the  spring-sown  barley,  and  the  longer  period  of  growth  of  the 
autumn-sown  crop,  would,  it  might  be  concluded,  give  it  a  greater 
command  over  the  stores  within  the  soil.  Further,  calculation 
shows  that  the  barley  crop  would  actually  contain  more  nitrogen 
than  the  wheat 
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Is  the  less  result  with  mineral  manures  on  wheat  than  on  barley 
due  to  the  dilution  and  distribution  of  the  autumn-sown  manures 
bjthe  winter  rains,  and  to  their  having  acquired  a  comparatively 
insoluble  condition,  resulting  in  a  less  active  root-development  in 
the  upper,  and  more  highly  nitrogenous  layers  of  the  soil,  when 
gprowth  commences  in  the  spring .?  Is  there,  consequently,  a  more 
rapid  exhaustion  of  the  accumulated  nitrogen  within  the  soil  by 
the  barley  than  by  the  wheat  ?  Or,  does  the  pipe-draining  of  the 
wheat-field  render  the  drainage  the  more  free,  and  so  cause  a 
greater  washing  out  of  nitrogenous  compounds  in  the  winter ; 
even  from  the  plots  where  none  are  artificially  applied  ?  It  is  at 
any  rate  consistent  with  the  supposition  that  there  is  a  more  rapid 
exhaustion  of  the  nitrogen  accumulated  within  the  soil,  by  the 
barley  than  by  the  wheat,  when  each  is  grown  without  nitrogenous 
manure,  that,  according  to  calculation  it  appears  probable  that, 
both  without  manure,  and  with  purely  mineral  manure,  the 
barley  has  carried  off  more  nitrogen  from  a  given  area  than  the 
wheat,  whilst  it  has,  under  both  conditions,  declined  more  rapidly 
in  annual  produce  of  com,  and  without  manure  in  total  produce 
also. 

The  general  result  with  the  purely  mineral  manures  is — that 
superphosphate  of  lime  gave  more  increase  of  barley  than  a  mix* 
ture  of  salts  of  potass,  soda,  and  magnesia  ;  that  neither  the  one  nor 
the  other,  nor  the  mixture  of  all,  sufficed  to  raise  the  produce  to 
anything  like  a  fair  crop ;  and  that,  with  either,  the  crop  fell  off 
considerably  over  the  later  years.  Nevertheless,  both  the  pro- 
duce and  the  increase  of  barley  by  the  mixed  mineral  manure  were 
considerably  greater  than  those  of  wheat  by  the  same  manure.  It 
may  be  concluded  that  the  exhaustion  which  the  soil  undoubtedly 
suffered,  was  not  connected  with  a  relative  deficiency  of  any  of 
the  constituents  which  these  mineral  manures  supplied.  The 
results  next  to  be  considered  will  show  in  what  the  exhaustion 
really  did  consist 

• 

Average  Annual  Produce  by  Ammonia-mlts  alotie^  or  Nitrate 

of  Soda  alone. 

Of  the  four  experiments  under  this  head,  the  first  to  be  noticed 
are  those  on — 

Plot  1  A  with  200  lbs.  of  ammonia-salts  per  acre  per  annum, 
for  20  years,  1852-1871. 

Plot  1  N  with  275  lbs.  nitrate  of  soda  per  acre  per  annum,  for 
19  years,  1853-1871. 

200  lbs.  of  ammonia-salts  and  275  lbs.  of  nitrate  of  soda,  are  esti- 
mated to  supply  the  same  amount  of  nitrogen,  namely  41  lbs.= 
50  lbs.  of  ammonia.  But  it  must  be  noted  that  the  plot  subsequently 
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having  nitrate  received,  in  the  first  year  of  the  twenty,  ^  cwts. 
of  superphosphate  of  lime,  and  300  lbs.  of  salphate  of  potass,  per 
acre.  These  mineral  manures  gave  no  increase  whatever  in  the 
year  of  their  application ;  but,  under  the  exhausting  process  of 
afterwards  using  nitrogenous  manures  alone  for  so  many  years 
in  succession,  they  have  doubtless  had  considerable  effect  on  the 
succeeding  crops.  Hence,  unfortunately,  the  two  experiments, 
the  one  with  a  given  amount  of  nitrogen  as  ammonia-salts  for  20 
years,  and  the  other  with  the  same  amount  as  nitrate  of  soda  for 
the  last  19  of  the  20  years,  are  not  strictly  comparable.  (Table 
XXXI.,  next  page.) 

In  the  first  place,  notwithstanding  the  great  demand  made  on 
the  mineral  resources  of  the  soil,  by  applying  ammonia-salts  alone 
year  after  year,  there  is  considerably  less  falling  off  in  the  produce 
over  the  second  as  compared  with  the  first  ten  years,  under  such 
treatment,  than  by  the  application  of  mixed  mineral  manure  alone 
every  year.  And  not  only  so :  whilst,  over  the  twenty  years,  the 
average  annual  produce  was,  by  the  mixed  mineral  manure  only 
27^  bushels  of  corn  and  14f  cwts.  of  straw,  that  by  the  200  lbs. 
of  ammonia-salts  alone  was  32^  bushels  of  com,  and  18^  cwts. 
of  straw.  In  other  words,  whilst  the  increase  of  produce  by  the 
mixed  mineral  manure  alone  averaged,  over  twenty  years,  only  6^ 
bushels  of  com  and  2i  cwts.  of  straw,  per  acre  per  annum,  that 
by  this  comparatively  small  quantity  of  ammonia-salts  alone  ave- 
raged, over  the  same  period,  11^  bushels  of  com,  and  6|-  cwts. 
of  straw. 

Comparing  the  result  by  ammonia-salts  for  20  years,  with  that 
by  the  same  quantity  of  nitrogen  as  nitrate  of  soda  for  19  years, 
the  average  annual  produce  and  increase  are  5^  bushels  of  com, 
and  4|-  cwts.  of  straw,  more  by  the  nitrate  than  by  the  ammonia- 
salts. 

It  is  obvious  that,  owing  to  the  greater  solubility,  and  more 
rapid  distribution  in  the  soil  and  subsoil,  of  the  nitrate  or  its 
products  of  decomposition,  it  will  be  the  more  liable  to  loss  by 
drainage  when  there  is  an  excess  of  rain.  On  the  other  hand,  as 
already  referred  to  (p.  56),  the  subsoil  in  il;^  case  becomes  more 
disintegrated,  therefore  more  porous,  more  retentive  of  moisture 
in  a  favourable  condition,  and  more  permeable  by  the  roots.  It 
is,  probably,  in  part  due  to  this  action  that  the  effects  of  a 
given  amount  of  nitrogen  as  nitrate  of  soda  increase  from  year  to 
year  compared  with  those  of  an  equivalent  application  as  am- 
moniac-salts. How  much  of  the  greater  effect  of  the  nitrate  in 
the  experiment  in  question  may  be  due  to  this  action,  and  how 
much  to  the  supply  of  mineral  manure  to  the  nitrated  plot  in  the 
first  year,  it  is  impossible  to  determine. 

On  the  latter  point  it  may  be  mentioned,  that  the  amounts  of 
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phosphoric  acid  and  potass  applied  in  the  first  year,  but  which 
gave  no  increase  in  that  year,  were  sufficient,  if  still  present  and 
available,  to  supply  those  constituents  for  more  than  the  excess  of 
corn  and  straw  obtained  on  the  nitrate,  as  compared  with  the 
ammonia-plot  Further,  the  experiments  with  wheat  have 
afforded  abundant  evidence,  that  phosphates  and  potass-salts 
previously  applied,  have  been  effective  for  20  years  or  more,  when 
nitrogenous  manures  have  been  afterwards  supplied,  to  work 
them  out,  so  to  speak.  There  can  be  little  doubt,  indeed,  that  part, 
at  any  rate,  of  the  greater  effect  of  the  nitrate  in  the  experiment 
in  question,  was  really  due  to  the  supply  of  mineral  constituents 
in  the  first  year. 

The  results  next  to  be  considered  show  the  effects  of  double 
the  above  amounts  of  ammonia-salts  alone,  or  nitrate  of  soda  alone, 
but  applied  for  a  few  years  only  as  under : — 

Plot  1.  A.  A  :— 

6  years,  1852-1857,  400  lbs.  ammonia-salts,  per  acre,  per 
annum. 
Plot  2.  N  :— 

1  year,  1852,  3^  cwts.  superphosphate,  300  lbs.  sulphate 

potass; 
5  years,  1853-1857,  550  lbs.  nitrate  of  soda. 

Thus,  as  in  the  previous  comparison,  the  two  plots  received 
corresponding  amounts  of  nitrogen  as  ammonia-salts,  and  as 
nitrate  of  soda,  respectively,  for  a  series  of  years ;  but  whilst  the 
ammonia  plot  received  the  double  dressing  of  ammonia-salts,  in 
the  first  as  well  as  the  succeeding  5  years,  the  nitrate  plot  received 
phosphates  and  potass  without  nitrate  in  the  first  year,  and  the 
double  quantity  of  nitrate  in  the  succeeding  5  years. 

Table  XXXII.  (see  next  page)  shows  the  produce  obtained, 
and  also  the  increase,  both  over  the  unmanured  produce,  and  over 
that  by  the  smaller  amounts  of  ammonia-salts,  or  nitrate,  in  the 
corresponding  years. 

Thus,  there  is  an  average  annual  produce  of  46  bushels  of 
com,  and  28^  cwts.  of  straw,  by  the  application  of  400  lbs.  of 
ammonia-salts  alone  for  6  years ;  also  of  48  bushels  of  com,  and 
81^  cwts.  of  straw,  by  the  same  amount  of  nitrogen  as  nitrate  of 
soda  alone  for  5  years  (but  succeeding  a  dressing  of  superphos- 
phate and  sulphate  of  potass).  The  produce  by  the  double 
amount  of  ammonia-salts  alone  represents  an  average  annual 
increase  over  the  unmanured  produce  of  17|^  bushels  of  com,  and 
12^  cwts.  of  straw ;  and  of  7|  bushels  of  corn,  and  5|  cwts.  of 
straw  over  that  by  half  the  quantity  of  ammonia-salts  for  the  same 
period.  In  like  manner  the  produce  by  the  double  amount  of 
nitrate  of  soda  alone,  represents  an  annual  total  increase  of  19|^ 
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bushels  of  corn,  and  ]  5|  cwts.  of  straw ;  and  an  increase  over  the 
produce  by  the  single  amount  of  nitrate,  of  5|^  bushels  of  com^ 
and  6  cwts.  of  straw. 

Table  XXXII. — ^Average  Annual  Produce  and  Increase  by  400  lbs.  Ammonia  salts 

alone,  or  550  lbs.  Nitrate  of  Soda  alone. 


MANURES  PER  ACRE,  PER  ANNUM. 

Average 

Annual 

Produce. 

AVBRAQB  AkNITAL  InCRRASS. 

Plots. 

Over 

Unmanured 

(Plots  1  0  and  ft-l.) 

1  AA 
over  1  A. 

2  N 

over  1  N. 

1 

Dressed  CJorn  per  Acre — Bushels. 

1  AA 

2N 

400  lbs  Animonia-salts ;  6  years,  1852-1857 

550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

1 

46 
48 

17| 

7| 
5J 

Total  Corn  per  Acre — lbs. 

I  AA 

2N 

400  lbs.  Ammonia-salts;  6  years,  1852-1857 
550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

2603 
2666 

1005 
1070 

412 
302 

Straw  (and  Chatt')  per  Acre — Cwts. 

I  AA 
2N 

400  lbs.  Ammonia-salts;  6  years,  1852-1857 
550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

28| 
3U 

12J 
15j 

6 

Total  Produce  (Corn,  Straw,  and  Cha 

fF)  ixjr  Ac 

are — lbs. 

1  AA 

2N 

400 lbs.  Ammonia-salts;  6  years,  1852-1857 
550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

5794 
6198 

2371 
2794 

1066 
972 

Weight  per  Bushel  of  Dressed  < 

[:k)m— Ibj 

}. 

1  AA 
2N 

400  lbs.  Ammonia-salts;  6  years,  1852-1857 
550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

50-7 
60-9 

-  ro 

-  0-7 

1 

-0-8 
-1*0 

Corn  to  100  Straw. 

1  AA 
2N 

400  lbs.  Ammonia-salts;  6  years,  1852-1857 
550  lbs.  Nitrate  of  Soda;  5  years,  1853-1857 

82*5 
75-4 

-   5-7 

-13^4 

1 

-4-4 
-7-4 

We  have  here,  then,  by  the  application  of  ammonia-salts  alone, 
or  of  nitrate  of  soda  alone,  an  average  annual  produce,  over  5  or 
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6  consecutive  jears,  of  46  or  48  bushels  of  barley ;  or  consider- 
ably more  than  the  amount  assumed  (p.  9)  to  be  a  good  produce 
under  ordinary  rotation  and  cultivation.  These  amounts  are 
also  fully  one-third  more  than  was  obtained  by  purely  mineral 
manure  over  the  same  period. 

It  was  found  that  these  double  dressings  were  too  heavy,  the 
crops  frequently  being  much  laid;  and  hence,  after  the  first  6 
years  of  tne  experiments,  the  quantities  were  reduced  to  one-half, 
that  is,  to  the  same  as  on  plots  1  A  and  1  N.  For  many  subse- 
quent years,  however,  the  plots  previously  receiving  the  larger 
amounts,  whether  alone,  or  with  mineral  manure  (as  presently 
to  be  noticed),  continued  to  yield  more  produce  than  the  plots 
receiving  the  smaller  quantity  from  the  commencement  But  as 
the  effects  of  the  unexhausted  residue  from  previous  manuring 
upon  succeeding  crops  will  be  considered  separately  and  in  detail 
in  Section  IV.  no  more  need  be  said  on  the  point  in  this  place. 

It  would  be  interesting  to  compare  the  effects  of  purely  nitro- 
genous manures  on  wheat  and  on  barley ;  but  as  the  experiments 
with  such  manures  on  the  two  crops  are  not  as  parallel  as  is 
desirable,  either  as  regards  the  previous  history  of  the  plots,  the 

3uantities  applied,  or  the  periods  and  duration  of  the  experiments, 
le  comparison  might  be  misleading  unless  given  with  much 
explanation  and  qualification.  The  omission  is,  however,  of  the 
less  consequence,  as  we  shall  be  enabled  to  compare  the  e^cts  on 
the  two  crops  of  a  mixture  of  ammonia-salts  and  mineral  manure 
tc^ther,  which  in  fact  is  of  much  greater  practical  importance. 
The  practice  of  growing  barley  for  so  many  years  in  succession 
on  the  same  land  by  any  means  whatever,  is  not,  it  is  true, 
recommended  for  adoption  in  practical  agriculture;  and  still 
less  desirable  would  .it  be  so  to  grow  it  by  means  of  ammonia- 
salts  alone,  or  nitrate  of  soda  alone.  But  the  extraordinary  results 
which  have  been  recorded  are  not  the  less  instructive  and  im- 
portant, or  of  less  practical  value,  on  that  account 

It  is  of  no  little  interest  to  know,  that  on  a  soil,  consisting  of 
a  somewhat  heavy  loam  with  a  clayey  subsoil,  and  of  only 
moderate  corn-yielding  capabilities,  purely  mineral  manures  will 
not  yield  anything  like  a  iair  crop  of  wheat  or  barley ;  but  that, 
on  the  same  soil,  a  comparatively  small  quantity  of  purely  nitro- 
genous manures  has  yielded,  for  twenty  years  in  succession,  not 
much  less  barley  than  the  average  crop  of  the  country ;  and  that  a 
larger  amount  has  given,  over  6  consecutive  seasons,  considerably 
more  than  an  average  crop.  This  is  knowledge  acquired  of  the 
available  mineral  resources  of  such  a  soil,  which  analysis  would 
not  have  afforded ;  and  which  supplies,  if  not  examples  for  exact 
imitation,  at  any  rate  a  very  sound  basis  for  deduction  in  regard 
to  actual  practice. 
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Soday  tmth  mineral  Manure  in  addition. 

The  first  set  of  experiments  to  be  noticed  here,  includes  four 
plots,  each  of  which  has  received  200  lbs.  ammonia-salts  per  acre 
per  annum,  throughout  the  twenty  years,  but  each  with  a  different 
mineral  manure  in  addition.  The  mineral  manures,  here  used 
in  admixture  with  nitrogenous  manures,  are  the  same  as  in  the 
experiments  with  purely  mineral  manures,  which  have  already 
been  considered.  As  only  much  abbreviated  descriptions  of  the 
manures  can  be  given  in  the  Table  (see  next  page),  they  are 
described  in  full  below : — 

Plot  2  A — 200  lbs.  Ammonia-salts,  and  3|  cwts.  Superphos- 
phate of  Lime. 

Plot  3  A — 200  lbs.  Ammonia-salts,  and  mixed  Alkali-salts, 
— ^namely,  a  mixture  of  200  lbs.*  Sulphate  Potass, 
100  lbs.t  Sulphate  Soda,  100  lbs.  Sulphate  Magnesia. 

Plot  4  A — 200  lbs.  Ammonia-salts,  3^  cwts.  Superphosphate, 
and  the  ^*  mixed  Alkali-salts." 

Plot  5  A — 200  lbs.  Ammonia-salts,  3]^  cwts.  Superphosphate, 
and  200  lbs.*  Sulphate  Potass. 

The  produce  is  averaged  over  the  first  10,  the  second  10,  and 
the  20  years.  The  increase  is  calculated  over  the  produce  without 
manure,  and  also,  in  each  case,  over  that  by  the  corresponding 
mineral  manure  without  ammonia-salts ; — that  is  2  A  over  2  O, 
3  A  over  3  O,  4  A  over  4  O,  and  5  A  over  5  O. 

It  is  remarkable  that,  instead  of,  as  without  manure,  with 
purely  mineral  manure,  or  with  purely  nitrogenous  manure,  a 
considerable  falling  off  in  the  second  compared  with  the  first 
half  of  the  total  period,  there  is,  with  ammonia-salts  and  mineral 
manure  together  (though  without  silica),  in  each  case  a  more  or 
less  increased  produce  of  com  over  the  second  compared  with  the 
first  10  years.  On  the  other  hand,  there  is  in  two  out  of  the  four 
cases  a  slight,  and  in  a  third  a  more  considerable,  deficiency  of 
straw  over  the  later  period ;  and  it  is  only  in  that  one  instance 
that  there  is  any  material  diminution  in  quantity  of  total  produce, 
and  then  little  more  than  5  per  cent. 

So  far  as  quality  of  the  produce  is  concerned,  both  weight  per 
bushel  of  dressed  corn,  and  proportion  of  com  to  straw,  are  in 
every  case  higher  over  the  second  than  the  first  10  years. 

It  has  been  concluded  (pp.  78-9)  that  the  second  period  was,  so 
far  as  the  seasons  themselves  are  concerned,  the  more  favourable 
for  the  production  of  com,  but  the  less  for  that  of  straw  and  total 
produce. 

♦  .100  lbs.  the  fii-st  six  years,  200  lbs.  afterwards, 
t  200  lbs.  the  first  six  years,  100  lbs.  afterwards. 
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Table  XXXIII. — Average  Annual  Produce  and  Increase  by  200  lbs.  Ammonia-saltSy  and 

Mineral  Manure. 
Twenty  years,  1852-1871. 


PlotB. 


MANURES  PER  ACRE, 
PKK  ANNUM. 


AVE&AGK  AlCKCAL  PbODCCX,  &C. 


Atbsacb  AnCTAL 
30  Yj 


ll 


200  lbs.  Ammonia-salts,        ^^iP^ 
and  !    lO^ears. 

Mineral  Manures  us  ander— '  1852-'61. 


Second 
10  Years, 

1862^71. 


Total 
20  Years, 

1851^-'71. 


Second      I 

10  Years      I       Over       j 

over         ij       Mean      I 

(or  under  — )  i  Unmannred. 

First  la      I  I 


Dressed  Corn  per  Acre — Bushels. 


2A 
3  A 

4A 
6  A 


Superphi>sphate 
Mixed  Alkali-salts . . 
(Superphosphate  and^ 
t    Mixed  Alkali-salts/ 
(Superphosphate,  and) 
\    Sulphate  Potass  . .  / 


45i 
35 

48* 
35i 

1 
35} 

46} 

46J 

46] 

43} 

44] 

441 

Pet  Cent 
60 
0*4 

0-5 
3-2 


261 

25i 

23| 


0»eT 


21* 

I2t 

I8i 
JIJ 


Total  Corn  per  Acre — lbs. 


2  A 
3A 

4  A 

5A 


Superphosphate 
Mixed  Alkali-salts . . 
I  Superphosphate   and*^ 

Mixed  Alkali-salts/ 
f Superphosphate   and) 

Sulphate  Potass../ 


2563 
1989 

2593 
2426 


2762 

2662 

1995 

1992  1 

2668 

2680 

2584 

2505  ; 

7-8 
0*3 

2-9 
6-5 


1474 
804 

1442 
1317 


2  A 

3  A 

4A 
5  A 


Superphosphate 

Mixea  Alkali-salts .. 
/Superphosphate  and) 
\    Mixed  Alkali-salts  f 
(Superphosphate    undi'      n*? 
\    Sulphate  Potass  ../         '• 


Straw  (and  Chaff)  per  Acre — Cwts. 


2U 
28i 


27 
19 


i 


28 
28} 


27f 
2ui 

28* 
28 


-1-5 

-9'8 

-2-9 
1-5 


15* 

H 

16) 
15i 


Total  Produce  (Corn,  Srraw,  and  Chaff)  per  Acre — lbs. 


2A 

3  A 

4A 

5  A 

2  A 
dA 

4  A 

5  A 


Supf  rphosphate 
Mixed  Alkali-salts . . 

{Superphosphate  and) 
Mixed  AlkaIi-^alts/ 
Superphosphate  and) 
Sulphate  Potass  . .  / 


i{ 


5683 

6837 

5760 

4434 

4200 

4317 

5827 

1 

5808 

5817 

5542 

5747 

5644 

2-7 
-5-3 

-O-S 
3-7 


3218 
1776 

3275 

3102 


Weij^ht  per  Bushel  of  Dressed  Com — lbs. 


Superphosphate 
Mixed  Alkali-salts.. 
(Superphosphate  and)' 
\    Mixed  Alkali-saltsf 
(Superphosphate  andl 
!(    Sulphate  Potass  ..J 


51-8 
51-5 

52-2 

« 

51-9 


55 -i 

63-5 

54-1 

52-8 

55-7 

54*0 

55-7 

53-8  ' 

6-4 
5'0 

6'7 
7-3 


1-1 

0-4 

1-6 

1-4 


Com  to  100  Straw. 


2  A 
3A 

4  A 

5A 


I  Superphosphate 

j  Mixed  Alkali-salts.. 

'(Superphosphate  and) 
1  Mixed  Alkali-salts/ 
(Superphosphate  andi 

')    Sulphate  Potass  ..  h 


81-9 

91-8 

86*8 

12-1 

81-4 

91-3 

86'3 

12*2 

79-9 

86-4 

83-2 

8-1 

77-8 

83-1 

80-4 

6*8 

-1-3 
-1-8 

-.4-9 
-7-7 


1223 
724 

1080 
1212 


a* 
1*1 

151 


2829 
1676 

2655 
296S 


0-3 
-0-2 

0-6 
0*3 


-10«3 
-  6*1 

-13-2 
~15«8 
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Xhe  evidence  taken  as  a  whole,  therefore,  gives  no  indi- 
cation of  any  deterioration  in  either  the  quantity  or  the 
quality  of  the  produce  as  the  result  of  the  continuous  growth  of 
the  crop,  provided  the  necessary  constituents  are  supplied  by 
manure. 

It  is  seen  that  whilst  the  average  annual  produce  over  the 
twenty  years  is,  with  ammonia-salts  and  superphosphate  of  lime 
47^  bushels  of  dressed  corn  and  27|^  cwts.  of  straw,  with  the  same 
quantity  of  ammonia-salts  and  a  mixture  of  sulphates  of  potass, 
soda,  and  magnesia,  it  is  only  35-^  bushels  of  corn,  and  only  20|- 
cwts.  of  straw.  Even  with  the  ammonia-salts  and  both  the  super- 
phosphate and  the  *'  mixed  alkali-salts,'^  it  is  only  46|  bushels 
of  corn,  and  28^  cwts.  of  straw  ;  or  rather  less  corn,  though  rather 
more  straw,  and  total  produce,  than  with  the  ammonia-salts  and 
superphosphate  without  the  salts  of  potass,  soda,  and  magnesia. 
It  is  further  remarkable  that  the  yield  of  com  has  increased  more 
over  the  later  period  where  the  superphosphate  was  used  without, 
than  where  in  conjunction  with  the  mixed  alkali-salts.  The  details 
show,  however,  that  the  produce,  at  any  rate  of  straw,  where  the 
mixed  alkali-$alts  and  the  superphosphate  are  used  together,  has 
been  of  late  years  somewhat  gaining  upon  that  where  the  super- 
phosphate is  used  alone. 

It  may  be  mentioned,  though  not  shown  in  the  Table,  that  the 
increase  over  the  unmanured,  or  over  the  corresponding  mineral 
manured  produce,  is  much  greater  over  the  second  period  com- 
pared with  the  first,  than  is  the  augmentation  of  the  actual  pro- 
duce itseU.  This  is  explained  by  the  fact  that  the  produce  without 
manure,  or  by  the  mineral  manures  alone,  was  much  the  less  over 
the  later  period,  and  hence,  though  there  was  much  the  same 
actual  amount  of  produce  over  the  two  perio<ls  when  ammonia 
was  also  used,  still  the  increase  over  that  without  ammonia  is 
much  the  greater. 

Over  the  whole  period  of  twenty  years  the  average  annual 
increase  of  produce  due  to  the  combined  action  of  mineral  and 
nitrogenous  manures  is,  with  the  ammonia-salts  and  superphos- 
phate, 26^  bushels  of  corn  and  15^  cwts.  of  straw ;  with  the  same 
and  the  mixed  alkali-salts  in  addition,  25 1  bushels  of  corn  and 
16|-  cwts.  of  straw  ;  with  the  same  and  sulphate  of  potass  (without 
soda  and  magnesia)  23]^  bushels  of  corn,  and  15^  cwts.  of  straw; 
but  with  the  ammonia-salts  and  salts  of  potass,  so<ia  and  magnesia 
(without  superphosphate)  only  14 J-  bushels  of  corn  and  8|  cwts. 
of  straw.  Or,  if  the  increase  be  reckoned  over  the  produce  by  the 
corresponding  mineral  manure  without  ammonia,  in  which  case 
it  is  the  increase  due  to  the  ammonia  itself  that  is  more  nearly 
represented,  it  is,  when  used  witli  superphospliate  of  lime  21^ 
bushels  of  corn,  and  14|  cwts.  of  straw;  wlien  with  superphos- 
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phate  and  the  mixed  alkali-salts  18 J  bushels  of  com,  and  14^ 
cv/ts.  of  straw ;  when  with  the  superphosphate  and  sulphate  of 
potass  21^  bushels  of  corn,  and  15|  cwts.  of  straw;  but  when 
with  the  mixed  alkali-salts  without  super  phosphate,  only  12§ 
bushels  of  corn  and  8^  cwts.  of  straw. 

Thus,  the  effect  of  a  given  amount  of  ammonia  is  seen  to  difler 
very  greatly  according  to  the  character  of  the  mineral  constituents 
supplied  with  it.  The  results  clearly  show,  what  common  expe- 
rience also  teaches,  how  effective  a  manure  for  barley  is  super- 
phosphate of  lime,  provided  only  there  be  also  a  sufficient 
available  supply  of  nitrogen  within  the  soil.  It  is,  however,  as 
a  rule,  much  less  effective  with  winter-sown  than  with  spring- 
sown  corn-crops ;  the  latter,  with  their  short  period  of  growth,  and 
relatively  greater  dependence  on  root-development  near  the  sur- 
face, requiring  more  liberal  supplies  within  a  limited  range  of 
soil. 

Considering  the  characters  of  the  soil,  and  the  results  obtained 
with  other  crops,  to  say  nothing  of  general  practical  experience, 
it  is  only  what  would  be  anticipated,  that  the  addition  to  the 
ammonia-salts  of  superphosphate  of  lime  would  be  much  more 
effective  than  that  of  salts  of  potass,  soda,  and  magnesia ;  but  it 
is  hardly  what  would  be  expected  that,  over  twenty  years  in 
succession,  the  soil  would  yield  an  average  of  even  rather  more 
corn,  only  ^  cwt  less  straw,  and  only  57  lbs.  less  total  produce, 
with  ammonia-salts  and  superphosphate,  than  with  the  ammonia- 
salts,  superphosphate,  and  the  mixed  alkali-salts  together.  The 
illustration  is  a  striking  one  of  the  potass-yielding  capabilities  of 
such  a  soil.  As  already  intimated,  there  are  symptoms  of  a 
slight  change  during  the  last  few  years ;  but  the  fact  is  of  great 
practical  and  scientific  interest,  that  by  ammonia-salts  and  super- 
phosphate of  lime,  without  potass  or  other  bases,  considerably 
more  than  the  average  barley  crop  of  the  country  has  been 
obtained  for  twenty  years  in  succession. 

Table  XXXIV.  (next  page)  shows  the  produce  and  increase 
obtained  by  the  same  mineral  manures  as  those  employed  in  three 
of  the  four  experiments  last  considered,  but,  in  each  case,  with 
double  the  amount  of  ammonia-salts ;  namely,  400  lbs.  per  acre 
per  annum,  used,  however,  for  only  the  first  six  years  of  the  twenty. 
The  increase  is  given  over  the  produce  without  manure,  over  that 
by  the  corresponding  mineral  manures  without  ammonia,  and  over 
that  by  the  corresponding  mineral  manure  with  only  200  lbs.  of 
nmmonia-salts. 

It  is  obvious  that,  with  an  average  annual  produce  of  46  or  47 
bushels  of  barley,  over  twenty  years,  by  the  mineral  manures  and 
200  lbs.  of  ammonia-salts  j)er  acre,  the  limit  of  the  ripening 
capabilities   of  the    seasons    must    have    been    nearly    reached. 
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Table  XXXIV. — Average  Annual  Produce  and  Increase  by  400  lbs.  Ammonia-salts, 

and  Mineral  Manure. 

Six  Years,  1852-1857. 


MANURES  PER  ACRE,  PER  ANNUM. 


400  lbs.  AmmonuhoaltB, 

and 

Ulimal  Manures  as  imder. 


Average 
Annual 
Produce. 

e  Tears, 
1862-'67. 


AvKBAGX  Akxdal  Ikcbrase,  6  Yeabs. 


I 


Over 

Mean 

Uumanured. 


Over 

oorrespondlDg 

Mineral 

Manures. 


Over 

oorreapondlng 

Mineral 

Manures 

and  200  lbs. 

Amraonla-salts. 


Dressed  Com  per  Acre — Bushels, 


Superphosphate  of  Lime 

Mixed  Alkali-salts 

Superphofi.  and  Mixed  Alkali-salts 


41 
422 


21J 
I4i 

22| 


18 
14 

16* 


4i 
8* 
4* 


Total  Com 

per  Acre — lbs. 

Saperphospbate  of  Lime 

Mixed  Alkali-salts 

Snperphos.  and  Mixed  Alkali-salts 

2775 
2441 

2801 

1177 

843 

1:403 

1027 
814 

887 

230 

203 

Straw  (and  Chaff)  per  Acre — Cwts. 


Superphosphate  of  Lime 

Mixed  Alkali-salts 

Saperphos.  and  Mixed  Alkali- salts 


Total  Produce  (Corn,  Straw,  and  Chaff)  per  Acre — ^Ibs. 


Superphosphate  of  Lime 

Mixed  Alkali-salts 

Superphos.  and  Mixed  Alkali-salts 


6590 
5753 

6874 


8170 
2333 
3454 


2996 
2330 
2948 


872 

697 

1011 


Weight  per  Bushel  of  Dressed  Com — lbs. 


Superphosphate  of  Lime 

M'lxea  Alkali-salts 

Superphos.  and  Mixed  Alkali-salts 


-  1-2 

-  0-9 

-  1-3 


-  1-3 

-  1'2 

-  1-5 


Com  to  100  Straw. 


Superphosphate  of  Lime 

Mixed  Alkali-salts 

Superphos.  and  Mixed  Alkali-salts 


73-1 
74-1 
69-4 


15-1 
14-1 

18-8 


-21-8 
-16-9 
-26-5 


-1-0 
-1*0 
-1*6 


-6*9 
-8*0 
-9-9 


Indeed,  the  double  amount  of  ammonia-salts  was  found,  even 
when  used  in  conjunction  with  mineral  manure,  to  be  quite 
excessive,  the  crops  being  generally  laid ;  and  hence,  after  six 
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years'  trial,  the  extra  application  was  discontinued.  Under  these 
circumstances  any  great  increase  of  produce  by  400  lbs.  compared 
with  200  lbs.  of  ammonia-salts  could  not  be  expected.  Still,  as 
the  last  column  of  the  Table  shows,  the  second  increment  o£ 
200  lbs.  did,  under  favourable  conditions  of  mineral  manuring, 
raise  the  produce  by  more  than  4  bushels  of  grain,  and  by  from 
5^  to  7^  cwts.  of  straw;  bringing  it  up,  with  superphosphate 
of  lime,  to  49|  bushels  of  corn,  and  34  cwts.  of  straw  ;  and 
with  superphosphate  and  the  ^' mixed  alkali-salts"  together,  to 
50f  bushels  of  corn,  and  36'^  cwts.  of  straw. 

There  is  proportionally  much  more  increase  of  straw  than  of 
corn,  especially  when  both  the  superphosphate  and  mixed  alkali- 
salts  were  used.  There  is  also  a  lower,  weight  per  bushel  of 
dressed  corn,  and  a  much  lower  proportion  of  com  to  straw,  than 
with  the  corresponding  mineral  manures,  either  alone,  or  with 
the  smaller  quantity  of  ammonia-salts.  It  is  clear,  therefore, 
that  the  extra  quantity  of  ammonia-salts  considerably  increased 
the  luxuriance;  but  that  the  amount  of  plant  produced  was  more 
than  could,  under  the  conditions  of  the  seasons,  form  a  fair  pro- 
portion of  corn,  and  ripen  well. 

Although  the  second  increment  of  200  lbs.  of  ammonia-salts, 
has  thus  not  yielded  anything  like  the  same  amount  of  increase 
as  the  first,  in  the  seasons  of  the  application,  it  will  afterwards  be 
seen  (Section  IV.)  that  there  was  a  considerable  residue  of  nitrogen 
left  within  the  soil,  which  remained  available  for  future  crops 
through  many  succeeding  seasons. 

After  the  six  years  of  the  double  application,  the  amount  of 
ammonia-salts  was  reduced  to  200  lbs.  per  acre  per  annum,  and 
the  experiment  continued  for  ten  consecutive  seasons.  From  that 
time,  however,  an  amount  of  nitrate  of  soda  (275  lbs.)  containing 
the  same  amount  of  nitrogen  as  200  lbs.  of  ammonia-salts,  was 
substituted  for  the  latter  ;  and  the  results  obtained  during  the  four 
years  of  the  experiment  which  have  so  far  elapsed,  are  given  in 
Table  XXXV.  (next  page.) 

It  is  remarkable  that  the  average  produce  is  almost  identical 
by  the  nitrate  alone,  and  by  the  nitrate  and  '^  mixed  alkali-salts" 
together.  Though  much  higher,  it  is  again  almost  identical  by 
the  nitrate  and  superphosphate,  and  by  the  nitrate,  superphos- 
phate, and  "  mixed  alkali-salts."  The  little  effect,  hitherto,  of  the 
potass,  soda,  and  magnesia-salts  is  here  again  illustrated.  The  last 
column  shows  that,  over  the  four  seasons  in  question,  the  nitrate 
gave,  under  each  of  the  conditions  of  mineral  manuring,  both  more 
com  and  more  straw  than  the  corresponding  amount  of  ammonia- 
salts.  In  what  degi'ee,  however,  this  difference  should  be  attri- 
buted to  a  greater  effect  of  the  nitrate,  and  in  what  to  a  still 
effective    residue    from    the   excessive  supply  of  ammonia-salts 
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Table  XXXV. — Average  Annual  Produce  and  Increase  by  275  lbs.  Nitrate  of  Soda 

per  Acre  per  Annum,  alone,  and  with  IViiueral  Manures. 

Poor  Years,  1868-1871. 


i    MANURES  PER  ACRE,  PER  ANNUM. 


Plots. 


275Ib6.NitratQofSoda, 

wlUiout  MineF&l  Mauure, 

and 

with  Mineral  Manures  as  under. 


Average 
Annnal 
Produce. 

4  Years, 
1868-71. 


AVfOtAGK  AnI?UAL  iNCSKAi^ 


Over 

Mean 

Unmanured. 


Over 

Gorrpspondiug 

Mineral 

Manures. 


Over 

corresponding 

Mineral 

Manures 

and  200  lbs. 

Ammonia-salts. 


Dressed  Corn  per  Acre — Bushels. 


1  AA 

2  AA 
8  AA 
4  AA 


Without  Mineral  Manure 

Superphosphate  of  Lime 

"Mixed  Alkali-salte"     ..      ..      .. 

Superphos.  and  Mixed  Alkali-salts 


Total  Com  per  Acre — lbs. 


1  AA  Without  Mineral  Manure 

2  AA  I  Superphosphate  of  Lime 

3  AA      "Mixed  Alkali-salts"      

4  A  A  Superphos.  and  Mixed  Alkali-salts 


187 

187 

11 

244 


Straw  (and  Chaff)  per  Acre — Cwts. 


1  A  A  Without  Mineral  Manure 

2  AA  Superphosphate  of  Lime 

3AA  "  Mixed  Alkali-salts  "     

4  AA  Superphos.  and  Mixed  Alkali-salts 


20| 
284 

282 


9} 

10 

17{ 

18 

11 

11 

18| 

17 

2 


Total  Produce  (Corn,  Straw,  and  Chaflf)  per  Ack 

J— lbs. 

1  AA 

2  AA 
3AA 
4  AA 

Without  Mineral  Manure 

Superphosphate  of  Lime 

"Mixed  Alkali-salts"     

Superphos.  and  Mixed  Alkali-salts 

4047 
58*3 
4238  '    1 
5901 

2023 

3819 
2214 
3877 

2061 
8611 
2142 
3411 

596 
614 
268 
475 

Weight  per  Bushel  of  Dressed  Com — lbs. 


1  AA 

2  AA 
3AA 
4AA 


I 


Without  Mineral  Manure 
Superphosphate  of  Lime 

**  Mixed  Alkali-salts"     

Superphos.  and  Mixed  Alkali-salts 


■O-l 
0*5 
■0-8 
0-1 


Cora  to  100  Straw. 

1  A  A     Without  Mineral  Manure 

2  A  A     Superphosphate  of  Lime 

3  A  A  r  •  Mixed  Alkali-salts  " 

4  AA  1  Superphos.  and  Mixed  Alkali-salts 

1 

i 

80-6 
87-9 
78-4       , 
89*5 

0-8 

8-1 

-1-4 

9-7 

1-6 
-12-5 
-11-9 
-   3-1 

-7-7 

-7-4 

-9-6 

4'5 
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during  tlie  first  6  years,  it  is  not  possible  to  determine.  Farther 
comments  on  the  results  at  present  would,  therefore,  be  premature. 
It  will  be  more  instructive  to  compare  the  results  obtained  bj 
the  mixture  of  mineral  and  nitrogenous  manure  on  wheat  and  on 
barley  respectively.  The  first  comparison  will  be  between  the 
effects  of  the  same  amounts  of  superphosphate  of  lime,  and 
sulphates  of  potass,  soda,  and  magnesia,  and  200  lbs.  of  ammonia 
per  acre  per  annum,  for  20  consecutive  seasons,  with  each  crop. 
Table  XXXVI.  shows  the  result ;  and  as  in  other  cases  the  pro- 
duce per  acre,  and  not  the  increase,  is  taken  for  illustration. 

Table  XXXVI. — ^Average  Annual  Produce  of  Wheat  and  of  Barley  by  Mixed 
Mineral  Manure,  and  200  lbs.  Anunonia-salts  per  Acre  per  Annum. 


MANURES  PER  ACRE,  PER  ANNUM :~ 

3|  cwtB.  Saperphosphate  of  Llmo. 
200  llw.  (1)  Sulphate  of  Potass. 
100  lbs.  ^)  Sulphate  of  Soda. 
100  lbs.  Salphate  of  Magnesia. 
200  lbs.  Ammonia-salts. 


AVBEAGB  AKKUAL  PbODUCI^  ScC 


First 
10  Ycara, 


Second 
10  YV»ni, 

i8e»-'7i. 


Total  Period, 
20  Yean^ 

1868-71. 


Second 
10  Yeare 

OTO-  ^ 

(orunder^) 
tint  10. 


Total  Com,  per  Acre. 

Wheat  (Plot  6),  20  years,  1852-1871 
Barley  (Plot  4  A),  20  years,  1852-1871 

Ibe. 
1697 

2593 

lbs. 
1689 

2668 

IbSL 

1668 
2630 

F^rOenC 
-  3-4 

2-9 

Barley  over  (or  under  — )  wheat 

896 

1029 

962 

Straw  (and  Chaff),  per  Acre. 


Wheat  (Plot  6),  20  years,  1852-1871 
Barley  (Plot  4  A),  20  years,  1852-187 1 

2946 
3234 

2554 
3139 

1 
2750 

3187     i 

Barley  over  (or  under  — )  wheat 

288 

585 

437 

I 

-13-8 
—  2-9 


Total  Produce  (Com,  Straw,  and  Chaff),  per  Acre. 


Wheat  (Plot  6),  20  years,  1852-1871 
Barley  (Plot  4  A).  20  years*  1852-1871 

4643 
5827 

4193 
5808 

4418 
5817 

-  9-7 

—  0*3 

Barley  over  (or  under  — )  wheat 

1184 

• 

1615 

1399 

(*)  300  lbs.  the  firat  7  yeara  of  wheat,  and  6  yeare  of  barley ;  200  lbs.  aflerwards. 
(^)  200  lbs.  the  firet  7  years  of  wheat,  and  6  yeare  of  barley ;  100  lbs.  afterwaixis. 

For  the  period  of  20  years  included  in  the  comparison,  the 
manuring  was,  with  a  quite  immaterial  exception  explained  in 
the  foot-notes,  identical  for  the  two  crops.  But  whilst  In  the 
case  of  the  barley,  the  period  commences  with  the  first  year  of 
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the  experiments^  in  that  of  the  wheat  8  experimental  crops  had 
already  been  taken.  During  that  period,  however,  large  quantities 
oft'  8U|)erphosphate  of  lime,  and  potass,  soda,  and  magnesia-salts 
had  been  applied,  as  well  as  liberal  dressings  of  ammonia-^ 
salts.  It  would  hardly  be  concluded,  therefore,  that  the  plot  had 
suffered  in  wheat-growing  condition  by  its  previous  treatment 
Still,  though  the  quantity  of  wheat*grain  averages  nearly  the 
same  over  the  two  periods,  that  of  the  straw  and  total  produce 
falls  off  considerably  during  the  latter  half  of  the  20  years.  On 
the  other  hand,  with  the  barley  the  quantity  of  com  is  slightly 
higher,  that  of  straw  slightly  lower,  and  that  of  total  produce 
almost  identical,  over  the  two  halves  of  the  total  period. 

It  is  possible,  therefore,  that  the  previous  history  of  the  plots 
may  be  somewhat  to  the  detriment  of  the  results  with  wheat ;  but 
it  is  not  probable  that  it  has  had  much  adverse  influence. 

Taking  the  results  as  they  stand,  the  barley  gives,  with  exactly 
the  same  manure  over  20  years,  an  average  annual  produce  of 
more  than  one-half  more  corn,  more  than  one-sixth  more  straw, 
and  about  1400  lbs.  more  total  produce  (com  and  straw  together) 
than  the  wheat.  If,  instead  of  the  acreage  produce,  the  increase 
over  that  by  the  same  mineral  manures  without  ammonia  be  taken, 
the  general  result  is  the  same ;  namely,  a  great  deficiency  of  corn, 
of  straw,  and  of  total  produce,  of  wheat  compared  with  barley,  by 
the  same  manuring.     How  is  this  to  be  explained  ? 

In  reference  to  this  point  attention  may  here  be  recalled  to  the 
facts — that  whilst  the  wheat  is  autumn-sown  and  autumn-manured, 
the  barley  is  both  spring-sown  and  spring-manured  ;  and  that 
when  ammonia-salts  are  sown  in  the  autumn,  the  winter  drainage 
carries  with  it  large  amounts  of  the  nitrogen  of  the  ammonia-salts 
in  the  form  of  nitrates.  The  probable  extent  of  the  loss  that  may 
thus  arise,  will  be  considered  in  Section  IV.  It  must  suffice  here, 
therefore,  to  state  in  general  terms  that  existing  evidence  leads 
to  the  conclusion  that  it  may  be  very  considerable. 

The  difference  of  result  obtained  with  wheat  and  with  barley 
is  a^ain  illustrated,  under  somewhat  different  conditions,  in  Table 
XXX VII.  (see  next  page).  The  comparison  is  between  the 
effects  of  the  '^  mixed  mineral  manure '*  and  400  lbs.  of  ammonia- 
salts,  annually  applied  to  the  two  crops.  For  wheat  the  produce 
is  averaged  over  20  years  (1852-'71)  of  the  treatment,  and  also 
over  the  first  6  years  only,  those  being  the  seasons  in  which  the 
same  experiment  was  made  with  the  barley. 

In  all  previous  comparisons  between  wheat  and  barley  the 
quantity  oi  produce  per  acre  has  been  taken,  and  not  the  increase 
of  produce  over  that  without  manure,  or,  as  the  case  may  be,  the 
increase  by  mineral  manure  and  ammonia-salts  over  that  by 
mineral  manure  without  ammonia.     It  has,  however,  been  re- 
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marked  that,  although  the  figures  would  be  different,  the  general 
result  would  be  the  same,  whether  produce  or  increase  were 
compared.  It  would  not  be  so  m  the  case  of  the  experiments 
now  under  consideration.  Hence,  the  Table  has  been  arranged 
to  show  the  comparison,  both  between  the  produce  per  acre,  and 
the  increase  of  produce  by  the  mineral  manure  and  400  lbs. 
of  ammonia  -  salts,  over  diat  by  the  corresponding  mineral 
manure  alone. 

Table  XXXVII. — ^Average  Annual  Produce  and  Increase  of  Wheat  and  of  Barley 
by  Mixed  Mineral  Manure,  and  400  lbs.  Ammonia-salts  jjer  Acre  i^r  Annnm. 


MANURES  PER  ACRE,  PER  ANNUM 
3i  Gwts.  Superphosphate  of  Lime. 
300  Ibt.  (1)  Sulphate  of  PutaM. 
300  Vm.  (*)  Sulphate  of  Soda. 
100  Ihs.  Sulphate  of  Magnesia. 
400  Um.  Axnmonia-oalta. 


AVRRAGB  AKKUAL 

Pkolucb  pes  Acre. 


Mineral 
Manure  and 

400  lbs. 

Ammonia 

salta. 


Mineral 

Manure 
alone. 


Mineral 

Manure 

and 

Ammonia- 

ealia  over 

Mineral 

alone. 


Barley  over 
(or  under  — )  Hlaeat. 


Prodnce. 


Total  Com,  per  Acre. 


Wheat  (Plot  7),  20  years,  1852-1871 .. 
Wheat  (Plot  7),  6  years,  1852-1857  .. 
Barley  (Plot  4  AA),  6  yeare,  1852-1857 


Ibfi. 

Ibe. 

lbs. 

Uw. 

2228 

1U68 

1160 

2195 

1171 

1024 

606 

2801 

1914 

887 

Vtm. 
—  137 


Straw  (and  Chaff),  per  Acre. 


Wheat  (Plot  7),  20  years,  1852-1871  .. 
Wheat  (Plot  7),  6  years,  1852-1857  .. 
Barley  (Plot  4  AA),  6  years,  1852-1857 


-160        —160 


Total  Produce  (Com,  Straw,  and  Chaff),  per  Acre. 


Wheat  (Plot  7),  20  years,  1852-1871  .. 
Wheat  (Plot  7),  6  years,  1852-1857  .. 
Barley  (Plot  4  AA),  6  years,  1852-1857 


446 


-297 


(»)  Only  200  Ujs.  after  the  firet  7  years  of  wheat,  and  6  of  barley. 
Q)  Only  100  lbs.  after  the  first  7  yeaiv  of  wheat,  and  6  of  barley. 

Before  directing  attention  to  the  results  themselves,  it  should 
be  premised  that,  as  in  the  last  experiments  quoted,  the  wheat 
plot  had  grown  8  crops,  liberally  dressed  with  artificial  manures, 
prior  to  the  period  to  which  the  figures  refer  ;  but  the  results  with 
barley  commence  with  the  first  year  of  the  experiments,  and  the 
application  of  400  lbs.  of  ammonia-salts  to  that  crop  was  only 
continued  for  the  6  years  referred  to.  To  the  wheat,  however,  the 
application  has  been  continued  up  to  the  present  time  ;  and,  over 
20  years,  it  has  yielded  an  average  of  more  com,  though  less 
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straw  and  total  produce,  than  over  the  first  6  years.  It  would 
be  concluded,  therefore,  that  the  wheat  plot  was  not  unduly 
exhausted  at  the  commencement ;  and  that  the  comparison 
between  the  two  crops  over  the  first  6  years  would,  probably, 
be  but  little  open  to  objection  on  the  score  of  diiTerence  in  pre- 
vious condition  of  the  land. 

Taking  first  the  produce  per  acre  oi  the  two  crops,  there  is,  as 
with  the  smaller  quantity  of  ammonia-salts,  considerably  more 
barley-grain  than  wheat-grain ;  but,  on  the  other  hand,  less 
barley  straw  ;  and  an  annual  average  of  only  446  lbs.  more 
total  produce  (corn  and  straw)  of  barley  than  of  wheat,  instead 
of  nearly  1400  lbs.,  as  when  the  smaller  quantity  of  ammonia- 
salts  was  employed.  This  difference  of  result  is  doubtless  due 
to  the  proportionally  much  less  increase  of  barley  for  a  given 
amount  of  ammonia  in  manure  with  the  larger  than  with  the 
smaller  supply  of  ammonia-salts.  The  probability  is  that,  in 
the  case  of  the  autumn-sowing  for  the  wheat,  the  distribution, 
the  state  of  combination,  and  the  loss  by  drainage  are  such,  that 
the  quantity  of  the  supplied  nitrogen  remaining  available  within 
a  given  range  of  soil  when  active  growth  commences  in  the 
spring  is  not  excessive,  and  does  not  induce  over  luxuriance ; 
whereas,  the  same  amount  applied  in  the  spring  for  the  barley, 
being  less  subject  to  either  rapid  distribution  or  drainage,  in- 
duces too  much  luxuriance,  and,  consequently,  leads  to  the 
laying  of  the  crop,  and  to  reduced  eventual  productiveness. 

The  less  difference  between  the  produce  of  wheat  and  of 
barley  when  the  larger  quantity  of  ammonia-salts  is  applied,  is, 
therefore,  due,  in  great  measure,  to  a  proportionally  less  effect  on 
the  barley.  Nevertheless,  the  fact  of  a  less  amount  of  produce 
per  acre  from  a  given  amount  of  mineral  manure  and  ammonia- 
salts  applied  in  the  autumn  for  wheat,  than  from  the  same 
amount  applied  in  the  spring  for  barley,  is  again  clearly 
illustrated. 

If,  however,  the  increase  of  produce  with  ammonia  over  that 
without  it  be  taken  as  the  basis  of  illustration,  the  result  is 
different  Thus,  instead  of  an  annual  average  of  446  lbs.  more 
total  produce  (com  and  straw  together)  of  barley  than  of  wheat, 
there  is  of  increase  of  produce  by  the  mineral  manure  and  400  lbs. 
of  ammonia-salts  over  that  by  the  mineral  manure  alone,  less  in 
the  case  of  the  barley  than  of  the  wheat.  The  average  annual 
deficiency  is  137  lbs.  of  corn,  and  160  lbs.  of  straw,  or  297  lbs.  of 
total  produce  (com  and  straw  together).  This  difference  is 
accounted  for  by  the  fact  that  there  is  an  average  of  743  lbs. 
more  total  produce  of  barley  than  of  wheat  by  the  mineral 
manure  alone ;  there  is,  therefore,  so  much  more  to  be  deducted 
from  the  produce  by  the  mineral  manure  and  the  ammonia-salts 
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together;  leaving,  of  course,  so  much  less  to  be  reckoned 
increase  due  to  the  action  of  the  ammonia-salts. 

Reference  has  already  been  made  to  the  probable  or  possible 
cause  of  the  much  greater  produce  of  barley  than  of  wheat  by 
the  mineral  manure  alone  (p.  93).  On  this  point  it  should  be 
borne  in  mind  that,  for  the  wheat  the  mineral  manures,  as  well 
as  the  ammonia-salts,  are  applied  in  the  autumn,  whereas  for  tbe 
barley  both  are  applied  in  the  spring.  It  is  a  question,  there- 
fore, whether  there  be  not  a  much  greater  dilution  and  distri- 
bution of  the  autumn-sown  mineral  manures  by  the  winter  rains  ; 
a  locking-up  of  some  of  their  constituents  in  difficultly  soluble 
combinations  within  the  soil  ;  hence  a  less  active  root-deve- 
lopment in  the  upper  and  more  highly  nitrogenous  layers  of  the 
soil  when  growth  commences  in  the  spring ;  and  hence,  also, 
less  luxuriance  in  the  case  of  the  wheat ;  but,  on  the  other  hand« 
a  more  rapid  exhaustion  of  the  previously  accumulated  nitrogen 
within  the  soil  by  the  barley.  If  this  be  so,  the  higher  produce 
of  barley  than  of  wheat  by  mineral  manures  alone  is,  in  a  sense, 
accidental,  and  may  prove  not  to  be  permanent  In  that  case, 
the  comparison  of  the  actual  produce  will  more  fairly  illus- 
trate the  difference  of  effect  of  the  mineral  manure  and  a  given 
amount  of  ammonia-salts  applied  to  wheat  and  to  barley,  than 
will  that  of  the  mere  increase  over  the  produce  by  the  mineral 
manure  alone  ;  and  the  less  amount  of  increase  of  barley  than  of 
wheat  so  calculated  in  these  last  experiments,  will  prove  no 
exception  to  the  conclusion  arrived  at  from  the  results  of  the 
other  experiments,  namely,  that  a  given  amount  of  ammonia- 
salts  applied  in  the  spring  for  barley  is  more  productive  than  an 
equal  amount  applied  in  the  autumn  for  wheat. 

Briefly  enumerated,  the  very  important  results,  obtained  hy  the 
use  of  nitrogenous  and  mineral  manures  together,  are — that 
much  more  than  the  average  barley  crop  of  the  country  has  been 
obtained  for  20  years  in  succession  on  the  same  land,  by  the 
annual  application,  in  the  spring,  of  200  lb&  of  ammonia-salts, 
and  3i^  cwts.  superphosphate  of  lime  ;  that  the  addition  of  salts  of 
potass,  soda,  and  magnesia,  gave  no  further  increase ;  and  that 
the  application,  for  the  same  period,  of  the  same  amount  of 
ammonia-salts  (with  mineral  manure)  in  the  autumn,  for  wheat, 
gave  nearly  37  per  cent,  less  corn,  nearly  14  per  cent,  less  straw, 
and  about  24  per  cent,  less  total  produce.  The  causes  of  the 
remarkable  differences  of  result  with  wheat  and  with  barley  will 
be  considered  in  Section  IV. 
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Average  annual  prodvce  and  increase  by  Rape-cake. 

Rape-cake  is  estimated  to  contain,  on  the  average,  about  4*75 
per  cent  of  nitrogen.  It  also  contains  a  large  amount  of  car- 
bonaceous organic  substance,  and  about  8  per  cent  of  mineral 
matter.  It  has  been  applied  on  4  plots  each  year ;  on  one  alone, 
on  one  with  superphosphate,  on  one  with  the  ^*  mixed  alkali- 
salts,"  and  on  one  with  both  superphosphate  and  the  mixed 
alkali-salts.  For  the  first  6  years  2000  lbs.  =  95  lbs.  nitrogen, 
were  applied  per  acre  per  annum  ;  but  during  the  next  14  years 
only  1000  lbs.  =  475  lbs.  nitrogen.  Table  XXXVIII.  (p.  112) 
shows  the  produce  over  the  first  6  years  with  the  larger  amount, 
over  the  last  14  years  with  the  smaller  amount,  and  both  produce 
and  increase  over  the  whole  20  years. 

It  is  first  to  be  observed  that  where  the  rape-cake  is  used 
without  superphosphate,  Plots  1  and  3,  there  is  much  less  defi- 
ciency of  produce,  both  com  and  straw,  compared  with  Plots 
2  and  4  with  superphosphate,  than  in  the  experiments  with 
ammonia-salts  widiout,  compared  with  those  with,  superphos- 
phate. The  fact  is  that  the  rape-cake  itself  supplies  some 
phosphates ;  so  that  superphosphate  has  less  effect  when  added 
to  it  than  to  ammonia-salts.  The  general  result  is,  that  the 
rape-cake  alone,  and  the  rape-cake  and  mixed  alkali-salts,  yield 
considerably  more  of  both  com  and  straw  than  ammonia-salts 
alone,  or  ammonia-salts  and  mixed  alkali-salts  ;  but,  where  used 
with  superphosphate,  there  is  more  produce  of  both  com  and 
straw  from  a  less  amount  of  nitrogen  supplied  as  ammonia- 
salts,  or  nitrate  of  soda,  than  from  a  larger  quantity  in  rape- 
cake. 

Thus,  over  the  first  6  years,  rape-cake  in  amount  supplying 
95  lbs.  of  nitrogen  per  acre  per  annum  was  applied,  and  over 
the  same  period  ammonia-salts  =  82  lbs.  of  nitrogen.  But 
where  each  was  used  with  superphosphate,  whether  without  or 
with  the  addition  of  the  mixed  alkali-salts,  there  was  more 
produce  of  both  corn  and  straw  by  the  ammonia-salts  than  by 
the  rape-cake.  In  fact,  there  was  not  much  less  barley-grain, 
though  a  greater  deficiency  of  straw,  with  superphosphate  and 
ammonia-salts  =  only  41  lbs.  of  nitrogen,  than  with  super- 
phosphate and  rape-cake  =  95  lbs.  of  nitrogen. 

Over  the  next  14  years  the  application  of  rape-cake  was 
reduced  to  1000  lbs.  per  acre  per  annum  =  47*5  lbs.  nitrogen ;  and 
where  ammonia^salts  =  82  lbs.  nitrogen  had  previously  been 
applied,  the  quantity  was  also  reduced  to  one-half  =  41  lbs. 
nitrogen.  The  result  in  each  case  was  that,  with  superphosphate 
and  the  reduced  amount  of  nitrogenous  manure,  there  was  an 
average  annual  produce  of  about  as  much  corn,   though  less 
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Plots. 


IC 
2C 
3C 

4C 


IC 
2C 
3C 

4C 


Table  XXXVIII.— Average  Annual  Produce  and  Increase  \fj  Bap 


MANURES  PER  ACRE, 
PER  ANNUM. 


2000  lbs.  Rape-cake,  6  yrs.,  1852-'67. 
1000  lbs.  Rape-CAke,  14Trs.,l&58-'7l. 

"  Man 


[anure, 


Without  Mineral 
and 
with  Mineral  Manures  as  under. 


Atsbaok  AmuAL  PsoDoci^  frc:. 


First 

Period, 

6  Yean, 

1862-'67. 


Second 

Period. 

14  Yean, 

185S-71. 


Total 

Period. 

20  YeaTa» 

1868-'71. 


Dressed  Corn,  per  Acre — Bushels. 


Without  Mmeral  Manure . . 
Superphosphate  of  Lime  . . 
Mixed  Alkali-salts    . . 

(Superphosphate  and  Mixed*) 
Alkali-salts / 


48) 
471 
44^ 

48 


44 
47i 


45| 
46} 
43f 

47* 


Total  Com,  per  Acre — ^Ibs. 


{ 


Without  Mineral  Manure . . 
Superphosphate  of  Lime  . . 
Mixed  Alkali-salts 
Superphosphate  and  Mixed\ 
Alkali-salts / 


2664 

2527 

2568 

2673 

2660 

2664 

2505 

2489 

2494 

2662 

2713 

269S 

—  5-1 

—  0-5 

—  0-6 

1-9 


Utf 

15H' 


Straw  (and  ChaflF),  per  Acre — Cwta. 


IC 
2C 
8C 

4C 


Without  Mineral  Manure . . 
Superphosphate  of  Lime  . . 
Mixea  AlkaU-salts 
/Superphosphate  and  Mixed*^ 
Alkali-salts 


\ 


/ 


31| 
32} 

sot 

32} 


24} 
264 
25} 

28} 


26Z 
28] 
27) 

29} 


—  21-9 

—  17-8 
— 15-0 


— 13*1      I       IH 


Total  Produce  (Com  Straw,  and  Chaff),  per  Acre — Ihs. 


IC 
20 

30 

40 


Without  Mineral  Manure . . 
Superphosphate  of  Lime  . . 
Mixed  Alkali-saltB     . . 

{Superphosphate  and  Mixed\ 
Alkali-salts j 


6212 
6305 
5895 

6300 


5296 
5646 
5369 

5875 


5571 
5844 
5527 

6002 


—  14*7 

—  10-5 

—  8-9 

—  6-7 


I      9<C9 


Weight  per  Bushel  of  Dressed  Com — ^Ibs. 


10 
20 
30 

40 


1  O 
20 
30 


( 


Without  Mineral  Manure . . 
Superphosphate  of  Lime  . . 
Mixed  Alkali-salts 
Superphosphate  and  Mixed  i 
Alkali-salts / 


51-0 

55-0 

53-8 

51-2 

55-0 

53-9 

51-1 

54-9 

53-7 

50' 7 

54*9 

53-6 

7-8 
7*4 
7-4 

8-3 


1-5 
1-3 

1-J 


Cora  to  100  Straw. 


Without  Mineral  Manure . . 

Superphosphate  of  Lime  . . 

Mixea  Alkali-salts    . . 
(Superphosphate  and  Mixed \ 
\    Alkali-salts / 


75-4 
74-1 
74-2 

73-3 


92*4 
90-5 
87-5 

87-2 


87-3 
85-6 
83-5 

880 


22*5 
22' I 
17*9 

19«0 


-0-S 

-4-6 

-5  1 


for  Twenty  Years  in  succession  on  the  same  Land.        113 

straw,  ihan  with  the  previous  too  heavy  dressings.  There  was, 
moreover,  not  only  more  com  and  more  straw  by  the  super- 
phosphate and  the  reduced  amount  of  ammonia-salts,  but  also 
more  where  ammonia-salts  =:  only  41  lbs.  of  nitrogen  had  been 
used  from  the  commencement,  than  by  the  superphosphate  and 
the  rape-cake. 

The  nitrogen  of  the  nitrogenous  organic  matter  of  the  rape- 
cake  would  doubtless  be  much  less  rapidly  available  than  that 
supplied  in  ammonia-salts ;  and  analysis  of  the  soil  has  shown 
that  the  rape-cake  has  left  a  considerable  residue  of  nitrogen 
near  the  surface ;  nor  can  there  be  any  doubt  that,  since  the 
excessive  dressings  of  both  ammoniarsalts  and  rape-cake  have 
been  stopped,  there  has  annually  been  some  effect  due  to  the 
unexhausted  residue  of  nitrogen  previously  applied. 

The  general  result  is,  that  about  9  cwts.  of  rape-cake  per 
acre  per  annum  have  given  a  produce  exceeding  the  average  crop 
of  the  country,  but  not  quite  a  maximum  yield  for  the  soil  and 
seasons  in  question.  The  mineral  constituents  of  the  rape-cake 
doubtless  serve  to  render  effective  the  nitrogen  associated  with 
them ;  though  there  can  be  little  doubt  that  the  increase  yielded  is 
mainly  dependent  on  the  amount  of  nitrogen  rendered  available  by 
the  decomposition  of  the  nitrogenous  organic  matter  of  the  rape- 
cake.  But  since  the  effect  is  less  for  a  given  quantity  of  nitrogen 
supplied,  than  when  ammonia-salts  or  nitrate  of  soda  is  used, 
it  is  impossible  to  decide  absolutely  whether,  or  in  what  degree, 
the  carbonaceous  organic  matter  has  been  of  service.  It  would 
yield  by  decomposition  carbonic  acid  and  other  products.  The 
increased  supply  of  carbonic  acid  in  the  soil  would,  it  must  be 
concluded,  not  only  serve  as  a  source  of  carbon,  but  aid  the 
solution  and  distribution  of  other  plant-food,  and  so  far  further 
growth.  But  that  any  such  supply  is  essential  for  the  successful 
growth  of  either  wheat  or  barley  is  clearly  disproved  by  the  fact 
that  maximum  crops  of  both  have  been  grown  for  20  years  or 
more  by  means  of  mineral  manures  and  ammonia-salts,  without 
any  return  to  the  soil  of  carbonaceous  organic  matter.  The 
carbonaceous  organic  matter  of  farmyard  manure  is  obviously 
equally  unessential,  so  far  as  the  successful  growth  of  the  cereals 
is  concerned. 

Summary  of  the  Results  obtained  on  the  Chowth  of  Barley  for 
20  Years  in  succession  on  the  same  land^  without  Manure^  and 
by  different  descriptions  of  Manure. 

1.  Without  manure,  the  average  annual  produce  of  barley  over 
20  years  was  about  21  bushels  of  dressed  com,  and  12  cwts.  of 
straw.     The  quality,  indicated  by  the  weight  per  bushel  of  grain, 

L  2 
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was  higher  over  the  second  than  over  the  first  10  jears;  bat 
the  quantity,  of  both  com  and  straw,  was  between  23  and  24 
per  cent,  less  over  the  second  10  years. 

2.  Compared  with  wheat  grown  for  many  years  in  succession 
without  manure,  barley  gave  an  average  of  more  corn,  less 
straw,  and  nearly  the  same  weight  of  gross  produce  (com  and 
straw  together) ;  but  the  barley  fell  off  more  in  produce  of  grain, 
and  about  equally  in  straw,  over  the  later  years. 

3.  Farmyard  manure  applied  every  year  for  20  years,  gave  an 
average  annual  produce  of  more  than  48  bushels  of  barley- 
grain,  and  28  cwts.  of  straw.  The  weight  per  bushel,  quantity 
of  grain,  and  quantity  of  straw,  were  all  considerably  higher 
over  the  second  than  over  the  first  10  years.  The  manure  pro- 
bably supplied  from  three  to  four  times  as  much  nitrogen  as 
any  of  the  artificial  manures,  and  much  more  of  carbonaceous 
organic  matter,  and  of  every  other  constituent  of  the  crop,  than 
was  contained  in  the  produce.  It  would  leave  a  larg^  residue 
of  nitrogenous,  carbonaceous,  and  other  matters  in  the  soil, 
which  seem  to  be  very  slowly  available  for  future  crops;  but 
the  large  accumulation  of  organic  matter  increases  the  porosity 
of  the  soil,  and  its  capacity  for  the  retention  of  moisture ;  and 
the  crops  are  thereby  rendered  both  less  susceptible  to  injury 
from  excess  of  rain,  and  more  independent  of  drought 

4.  As  without  manure,  so  with  farmyard  manure,  barlej, 
compared  with  wheat,  yielded,  over  a  series  of  years,  more  com, 
less  straw,  but  nearly  the  same  quantity  of  total  produce  (com 
and  straw  together).  This  is  remarkable,  when  it  is  considered 
that  the  wheat  is  autumn-sown  and  autumn-manured,  and  the 
barley  spring-sown  and  spring-manured. 

5.  Mineral  manures  alone  gave  very  poor  crops,  and  the 
quantity  of  both  com  and  straw  fell  off  considerably  during  the 
later  years ;  but  superphosphate  of  lime  alone  gave  more  than  salts 
of  potass,  soda  and  magnesia,  and  not  much  less  than  the 
mixture  of  all.  It  may  be  concluded  that  the  soil  was  not 
relatively  deficient  in  any  of  the  mineral  constituents  which 
the  manures  supplied ;  and,  from  the  falling  off  in  the  produce 
both  without  manure  and  with  purely  mineral  manures,  it  is 
probable  that  the  growth  of  the  crop  under  such  conditions  is 
gradually  exhausting  the  available  nitrogen  accumulated  within 
the  soil  from  previous  cultivation,  manuring,  and  cropping. 

6.  Over  the  same  period  of  20  years,  a  mixed  mineral  manure, 
containing  salts  of  potass,  soda  and  magnesia,  and  superphos- 
phate of  lime,  gave,  of  barley,  much  more  grain,  rather  less 
straw,  but  considerably  more  total  produce,  than  of  wheat  It 
is  probable  that,  with  the  autumn-manuring  for  the  wheat,  the 
various  constituents  are  distributed  by  the  rains,  or  enter  into 
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less  soluble  combinations,  or  both,  during  the  winter;  that  hence 
there  is  less  active  root-development  in  the  upper  and  more 
highly  nitrogenous  layers  of  the  soil  in  the  spring,  and  that 
hence  the  barley  is  more  rapidly  exhausting  the  accumulated 
nitrogen  of  the  surface-soil  than  the  wheat 

7.  By  nitrogenous  manures  alone  (ammonia^salts  or  nitrate  of 
soda)  much  more  barley  was  obtained  than  by  mineral  manures 
alone  ;  the  produce  declined  much  less  in  the  later  years ;  and, 
for  20  years  in  succession,  even  fair,  though  not  large,  crops  were^ 
obtained.  This  result  is  a  striking  illustration  of  the  mineral 
resources  of  such  a  soil ;  and  it  shows  that  when  in  what  may,  in 
an  agricultural  sense,  be  called  a  corn-exhausted  condition,  it 
was  deficient  in  available  nitrogen  relatively  to  available  mineral 
constituents. 

8.  By  ammonia-salts  and  superphosphate  of  lime  together,  an 
average  produce  of  more  than  47  bushels  of  dressed  com,  and  more 
than  28^  cwts.  of  straw,  or  considerably  more  than  the  average 
barley  crop  of  the  country,  was  obtained  over  20  years  in  suc- 
cession ;  and  the  produce  of  corn  increased,  and  that  of  straw  in 
a  less  degree  diminished,  giving  a  higher  total  produce,  during 
the  later  than  the  earlier  years.  Notwithstanding  the  great  de- 
mand made  upon  the  supplies  of  potass  within  die  soil,  by  the 
growth  of  the  crop  for  so  many  years  by  ammonia-salts  and 
superphosphate  without  potass,  the  addition  of  salts  of  potass, 
soda  and  magnesia,  gave  no  further  increase  of  com,  and  very 
little  of  straw  and  total  produce.  The  potass-yielding  capabi- 
lities of  such  a  soil,  and  the  beneficial  effects  of  the  use  of 
superphosphate,  with  nitrogenous  manures,  for  spring-sown  com 
crops,  are  here  strikingly  illustrated. 

9.  When  the  same  mixed  mineral  manure,  and  200  lbs.  of 
ammonia-salts,  were  applied  per  acre  per  annum  for  20  years, 
in  the  autumn  for  wheat,  and  in  the  spring  for  barley,  the 
barley  gave  more  than  one-half  more  com,  nearly  one-sixth  more 
straw,  and  nearly  one-third  more  total  produce,  than  the  wheat 
When  the  same  mineral  manure  was  used  with  a  larger  quantity 
of  ^mmonia^salts,  the  result  was  still  in  favour  of  the  barley,  but 
in  a  less  degree  than  with  the  smaller  amount 

10.  After  applying  400  lbs.  of  ammonia-salts  per  acre  per 
annum  to  barley  for  6  years,  and  then  reducing  the  amount  to 
200  lbs.,  the  plots  so  treated  gave,  for  10  years  in  succession, 
more  produce  than  those  which  had  only  received  200  lbs. 
annually  from  the  commencement  It  thus  appears  that  the 
excessive  supply  of  400  lbs.  had  left  a  residue  of  nitrogen 
within  the  soil  which  was  available  for  succeeding  crops. 

11.  The  experiments  on  barley  with  nitrate  of  soda  and 
ammonia-salts  respectively,  are  not  exactly  comparable  with  one 


116  Report  qf  Experiments  on  the  Growth  of  Barley. 

another ;  but,  so  far  as  can  be  judged,  a  given  amount  of  nitrogen 
as  nitrate  of  soda  has  yielded  more  produce  than  the  same 
amount  as  ammonia-salts,  and  especially  so  in  dry  seasons. 
This  is  probably  due  to  the  greater  solubility  of  the  nitrate,  or 
its  products  of  decomposition,  to  their  action  on  the  subsoil, 
disintegrating  it,  and  rendering  it  more  porous ;  thus  affording 
more  surface  for  the  absorption  and  retention  of  moisture  and 
manure,  and  greater  permeability  to  the  roots,  rendering  the 
plants  less  dependent  on  the  fall  of  rain  during  growth. 

12.  By  the  annual  application  of  rape-cake,  whether  without 
or  with  the  addition  of  mineral  manures,  more  barley  than  the 
average  crop  of  the  country  has  been  obtained ;  but,  in  propor- 
tion to  the  nitrogen  it  contained,  less  than  by  ammonia-salts  or 
nitrate  of  soda.  The  mineral  constituents  of  the  rape-cake 
no  doubt  aid  in  rendering  effective  the  nitrc^en  associated  with 
them,  though  its  effects  are  doubtless  mainly  dependent  on  the 
amount  of  nitrogen  rendered  available  by  the  decomposition  of 
its  nitrogenous  organic  matter ;  but  the  nitrogen  of  such  matter 
is  much  less  rapidly  available  than  thai  of  ammonia-salts  or 
nitrates. 

13.  Over  20  years  or  more,  in  succession,  ammonia-salts,  or 
nitrate  of  soda,  with  mineral  manure  (without  silica),  have 
yielded  considerably  more  of  both  wheat  and  barley  than  the 
average  crops  of  the  country,  and  more  also  than  either  farm- 
yard manure  or  rapek;ake.  It  is  obvious,  therefore,  that  the 
return  to  the  soil  of  carbonaceous  organic  matter  as  manure  is 
unessential,  so  far  as  the  successful  growth  of  either  of  these 
crops  is  concerned. 

Section  III. — Amount  of  Ammonia   in  Manure  (or  its 

EQUIVALENT  OP  NiTROGEN   IN   OTHER   FORMS)   REQUIRED   TO 
YIELD  A  GIVEN   INCREASE  OP  GrAIN   (AND   ITS   PROPORTION 

OP  Straw). 

Comparison  of  the  produce  obtained  by  the  different  manures 
has  shown — that  carbonaceous  organic  matter,  supplied  so  largely 
in  farmyard  manure  and  rape-cake,  is  at  any  rate  not  essential 
as  manure  for  either  wheat  or  barley ;  that  mineral  manures  alone 
will  not  yield  fair  crops  of  either;  that  nitrogenous  manures 
give  much  more  produce  than  mineral  manures  alone ;  and  that 
the  mixture  of  nitrogenous  and  mineral  manures  will  give  full 
crops  for  many  years  in  succession.  In  other  words — the  supply 
by  manure  of  matter  yielding  by  decomposition  carbonic  acid, 
and  other  carbon  compounds,  within  the  soil,  has  little  or  no 
effect ;  mineral  manures  alone  will  not  enable  the  growing  plant 
to  obtain  sufficient  nitrogen  from  the  soil  or  the  atmosphere ; 
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litrogen  in  an  available  form  was  liberally  provided,  the 

anil  constituents  of  the  soil  were  insufficient  for  its  full  effect ; 

'  sqcn  so  supplied,  the  mineral  manures,  which  alone  had  little 

greatly  increased  the  efficacy  of  the  supplied  nitrogen. 

:  general  result  is,  that  whilst  it  is  essential  that  there  be  a 

provision  of  mineral  constituents,  the  amount  of  produce 

~lore  dependent  on  the  supply  of  available  nitrogen  within 

1^  than  of  any  other  constituent.     The  practical  questions 

Iftly  arise — How  much  ammonia,  or  of  its  equivalent  of 

icrelsn  in  some  other  form,  will,  on  the  average,  be  required  to 

— %  given  amount  of  increase  of  barley-gfrain,  and  its  average 

Ition   of  straw?  and  how  much   will   the  quantity  vary, 

ling   to   the  amount  applied  per   acre,   to  the  supply  of 

g|^  constituents,  and  to  the  characters  of  the  seasons  ? 

l'^  folding  Table  XXXIX.  (facing  this  page)  shows  the 

3'^t  of  ammonia — or  of  nitrogen  in  nitrate  of  soda,  or  rape- 

g.jj  or  farmyard  manure,  reckoned  as  ammonia — required  to 

1  bushel  (52  lbs.)  of  increase  of  barley-grain,  and  its  pro- 

2'-^Q  of  straw,  under  a  great  variety  of  conditions  of  manuring, 

— Bk  each  of  the  20  seasons.    In  each  case  the  increase  is  calcu- 

\  over  the  produce  on  the  corresponding  plot  without  nitro- 

|Ds  manure ;  that  is,  1  A,  1  A  A,  1  A  AS,  1  C,  over  1  O ; 

I  &C.,  over  2  O  ;  and  so  on ;  IN,  and  2  N  (with  nitrate  of 

i),  and  7  (with  farmyard  manure),  are  taken  over  the  mean 

lanured  produce  (1  O  and  6-1).     The  average  result  for 

irent  periods,  or  series  of  years,  is  also  given.     Where  there 

been  no  change  of  manure,  the  averages  are,  as  a  rule,  calcu- 

d  for  the  first  half,  the  second  half,  and  the  total  period ;  and 

fre  there  has  been  any  change,  for  the  periods  so  indicated ; 

\y  for  the  sake  of  comparison,  for  corresponding  periods  in 

er  cases. 

|lie  five  plots  receiving  200  lbs.  of  ammonia-salts  per  acre 

f  annum  for  20  years  are  classed  in  the  Table  as  Series  I. 

j  these,  Plot  1   A  has  had  the  ammonia-salts  without   any 

tieral  manure;    2   A  with  superphosphate;    3  A   with  sul- 

iates  of  potass,  soda,  and  magnesia :  4  A  with  superphosphate 

id  sulphates  of  potass,  soda,  and  magnesia;  and  5  A  with 

|>erphosphate  and  sulphate  of  potass.     Taking  the  average  for 

Ic  20  years  in  each  case,  the  quantity  of  ammonia  required  to 

loduce  1  bushel  increase  of  barley,  and  its  proportion  of  straw, 

(ion  the  three  plots  with  superphosphate  2*13,  2*41,  and  2*101bs.; 

H  the  plot  with  salts  of  potass,   soda,  and  magnesia,  without 

iperphosphate,  3*59  lbs. ;  and  on  the  one  without  any  mineral 

lanure  at  all  3*68  lbs. 

Thus,  taking  the  mean  of  the  three  experiments  with  super- 
phosphate, the  Amount  of  ammonia  required  is  rather  under  2^  lbs. ; 
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but  with  the  mixed  alkali-salts  without  saperphosphate^  and  widi- 
oat  any  mineral  manure  at  all,  it  is  between  3^  ami  3f  lbs.  That 
is  to  say,  a  given  amount  of  ammonia-salts  was  more  than  one- 
and-a-half-time  as  effective  when  there  was  a  liberal  provision  of 
mineral  constituents,  but  especially  of  phosphates,  within  the 
reach  of  the  roots,  than  when  there  was  not. 

Assuming  that,  with  otherwise  favourable  soil-conditions,  and 
with  an  application  of  not  more  than  50  lbs.  of  ammonia  per 
acre,  an  increase  of  1  bushel  of  barley  (52  lbs.),  and  its  stimw, 
may,  on  the  average  of  seasons,  be  obtained  for  every  2  to  2^  lbs. 
of  ammonia  applied,  still,  it  is  seen  that  the  amount  may  vary 
very  greatly  according  to  the  characters  of  the  seasons.  Thns,  on 
Plot  2  A,  with  superphosphate,  only  about  1-^  lb  was  reqohred 
in  the  favourable  seasons  of  1863  and  1869,  but  in  the  bad 
seasons  of  1853  and  1856,  5-36  and  4*48  lbs.  respectively,  were 
required. 

These  great  differences  according  to  season  occurred,  it  shonld 
be  remembered,  when  only  a  moderate  amount  of  ammcmia-salts 
was  used,  and  when  it  was  employed  under  favourable  conditions 
as  to  mineral  manures.  But  even  with  the  same  moderate 
application,  but  at  the  same  time  less  favourable  soil-conditions, 
that  is  without  superphosphate,  or  without  any  mineral  manure, 
the  differences  in  the  amount  required  to  yield  a  given  increase  of 
produce  are  very  much  g^reater.  Tlius,  when  the  same  quantity 
of  ammonia-salts  is  used  without  any  mineral  manure  (Plot  1  A), 
there  is  a  variation  in  the  amount  of  ammonia  required  to  yield 
1  bushel  of  increase  from  18*05  lbs.  in  1859,  to  2*25  lbs.  in 
1871 ;  and  when  with  salts  of  potass,  soda,  and  magnesia,  but 
without  superphosphate  (Plot  o  A),  from  24*75  lbs.  in  1859, 
to  2*18  lbs.  in  1863.  In  fBCtj  in  1859,  there  was  scarcely  any 
increase  at  all  by  ammonia-salts  when  not  accompanied  by 
phosphates ;  and  reference  to  the  characters  of  the  season,  and  of 
the  growth  (pp.  30-32),  will  show  that  there  was  probably 
defective  root-development ;  a  condition  under  which  any  defi- 
ciency of  phosphates  within  a  limited  range  of  soil  would  very 
unfavourably  aflfect  the  characters  of  growth. 

Lastly  in  regard  to  Series  I : — Under  each  of  the  five  conditions 
as  to  mineral  manuring,  the  amount  of  ammonia  required  to 
produce  a  given  increase  of  grain  was  very  much  less  over  the 
second  than  the  first  10  years.  It  has  already  been  shown  that 
the  last  10  seasons  were  the  more  favourable  for  the  produce 
tion  of  com,  and  more  especially  so  where  superphosphate  was 
used.  But,  as  there  was  a  greater  falling  off  over  the  later  yean 
where  the  mineral  manures  were  used  alone,  the  further  amount 
of  produce  obtained  where  the  mineral  manures  and  ammonia- 
salts  were   used  together,  which   is  reckoned  as   increase  due 
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to  ammonia,  was  proportionally  higher  over  the  last  ten  years^ 
than  was  the  increase  in  the  actual  produce  of  com  per  acre. 
Further,  the  actual  produce  of  straw  per  acre  was  uniformly,  and 
that  of  the  total  produce  (com  and  straw),  taking  the  average  of 
the  plots,  rather  lower,  over  the  last  ten  years.  That  the  total 
produce  was  lower  rather  than  higher  over  the  later  years, 
seems  to  afford  evidence  that,  with  this  smaller  dressing  of 
ammonia-salts,  there  was  little  or  no  effect  in  succeeding,  from 
accumulation  in  preceding  years. 

When,  as  in  Series  II.,  double  the  quantity, or  400  lbs.  ammonia- 
salts,  was  applied  per  acre  per  annum  for  the  first  six  years,  the 
average  amount  of  ammonia  required  to  yield  1  bushel  of  in- 
crease was,  according  to  the  same  mode  of  calculation,  without 
mineral  manure,  4*81  lbs. ;  with  superphosphate,  5*06  lbs. ;  with 
mixed  alkali-salts  6*38  lbs. ;  and  with  superphosphate  and  mixed 
alkali-salts,  5*86  lbs.  Thus,  the  amount  required  appears  to  be  less 
without,  than  with  either  of  the  mineral  manures,  less  with  super- 
phosphate than  with  superphosphate  and  mixed  alkali-salts,  and 
less  with  the  latter  than  with  mixed  alkali-salts  without  super- 
phosphate. The  apparently  more  favourable  result  without  than 
with  mineral  manure,  is  explained  by  the  fact,  that  the  increase 
by  ammonia-salts  is,  in  each  case,  calculated  over  the  produce  by 
the  corresponding  unmanured  or  mineral-manured  produce,  as  the 
case  nuty  be ;  and  as  the  produce  by  mineral  manures,  especially 
if  containing  phosphates,  was  so  much  higher  than  that  without 
manure,  there  is  so  much  more  to  deduct  from  the  produce 
with  ammonia-salts  in  addition ;  and  hence,  though  the  produce 
by  the  ammonia-salts  with  mineral  manure  is  much  higher,  the 
increase  so  reckoned  as  due  to  the  ammonia  only  is  less. 

During  the  next  ten  years,  the  quantity  of  ammonia-salts  was 
reduced  from  400  lbs.  to  200  lbs. ;  and  during  the  last  four  years 
the  ammonia-salts  were  replaced  by  275  lbs.  of  nitrate  of  soda, 
estimated  to  contain  the  same  amount  of  nitrogen  as  200  lbs. 
ammonia-salts,  namely  41  lbs.  ts  50  lbs.  ammonia.  Over  both 
of  these  periods  the  result  is  much  more  favourable  with  each  of 
the  four  conditions  as  to  mineral  manure  than  during  the  first 
six  years,  and  also  relatively  much  more  so  where  the  super- 
phosphate was  employed.  This  depends  in  part  on  the  &ct 
that,  whilst  the  produce  without  manure  or  by  the  mineral 
manures  alone,  which  is  the  standard  over  which  the  increase  by 
ammonia  is  calculated,  declined  perceptibly  from  year  to  year, 
that  where  ammonia  was  used  either  did  not  decline  at  all,  or 
did  so  much  less  rapidly  ;  and  hence  the  increase  calculated  as 
due  to  the  ammonia  (or  nitrogen  reckoned  as  ammonia)  is 
higher. 

In  reference  to  these  results  it  should  further  be  observed,  that 
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since  there  is  evidence  that  the  excessive  supply  of  ammonia- 
salts  during  the  first  six  years  left  a  residue  of  nitrogen  which 
was  effective  for  ten,  if  not  more,  years  afterwards,  not  only  do 
the  figures  for  the  first  six  years  understate  the  total  or  final 
effect  of  the  ammonia  applied  during  that  period,  but  those  for 
the  subsequent  years  overstate  the  result  for  those  years.  The 
average  columns  of  the  Table  give,  however,  not  the  mere 
arithmetical  means  of  the  results  for  the  individual  years,  but 
the  direct  averages  for  the  periods ;  and  the  result  over  the 
twenty  years  is,  that,  instead  of  only  2*13  lbs.  of  ammonia 
required  when  superphosphate  and  only  200  lbs.  of  ammonia- 
salts  were  used,  there  were  2*49  lbs.  required  when,  for  the  first 
6  of  the  20  years,  400  lbs.,  for  the  next  10  years  200  lbs.,  ammo- 
nia-salts, and -for  the  last  4  years  275  lbs.  nitrate  of  soda,  were 
applied.  There  is  also  a  considerably  less  favourable  result 
without  than  with  the  superphosphate.  Lastly,  as  in  the  experi- 
ments with  the  smaller  quantity  of  ammonia-salts  every  year, 
the  variation  of  result  according  to  season  is  very  considerable ; 
but,  owing  to  the  excess  of  ammonia  applied  in  the  early  years, 
and  to  the  effects  of  the  accumulation  afterwards,  the  exact  fignies 
for  the  individual  years  cannot  be  taken  in  illustration  of  the  point. 

During  the  last  eight  years  of  the  twenty,  one-half  of  the  plots 
of  Series  II.  received,  besides  the  same  manures  as  the  other  half, 
400  lbs.  of  silicate  of  sodfl^  per  acre,  per  annum.  The  four 
portions  so  treated  are  respectively  designated  1  A  AS,  2  A  AS, 
&c. ;  and  the  results  are  recorded  in  the  Table  under  the  head- 
ing of  Series  III.  Almost  every  year  it  was  quite  obvious  to  the 
eye  that  there  was  a  marked  effect  from  the  silicate  on  Plots  1 
and  3,  that  is  where  no  superphosphate  was  used  ;  but  compara- 
tively little,  if  any,  on  Plots  2  and  4  with  superphosphate.  So 
striking  was  this  result,  that  the  silicate  was  examined  in  the 
laboratory  to  ascertain  whether  it  contained  any  phosphate.  It 
was  found  not  to  contain  any;  nor  did  it  contain  nitrate  or 
nitrogen  in  any  other  form.  Perhaps  the  most  probable  sup- 
position is,  that  by  the  action  of  the  alkaline  silicate  on  the  soil, 
otherwise  locked  up  phosphoric  acid  was  rendered  available  for 
the  plants.  It  is  possible,  however,  that,  when  the  superphos- 
phate was  used,  a  secondary  result  of  its  action  within  the  soil 
was  the  liberation  of  silicates,  which,  without  it,  were  not  avail- 
able in  sufficient  quantity;  and  hence  the  little  effect  of  the 
direct  supply  of  silicates  where  the  superphosphate  was  used,  and 
the  marked  effect  where  it  was  not  employed.  Or,  is  it  that 
when  the  acid-phosphate  and  alkaline  silicate  are  mixed  together, 
they  are  rendered  comparatively  insoluble  and  inactive  ?  The 
result  may  perhaps  be  due  in  part  to  more  than  one  of  these  actions. 

Whatever  may  be  the  explanation  of  the  fact,  the  Table  shows 
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that  there  was,  in  almost  every  year  of  the  eight,  comparatively 
little  difference  in  the  amount  of  ammonia  required  to  yield  a 
bushel  of  increase  of  barley  on  Plots  2  and  4  of  Series  11.  with 
superphosphate  but  without  the  silicate,  and  on  Plots  2  and  4  of 
Series  III.  with  superphosphate  and  with  silicate.  On  the  other 
hand,  on  Plots  1  and  3  of  Series  111.,  without  superphosphate,  but 
with  silicate,  the  amount  of  aihmonia  required  for  a  given  effect 
was  much  less  than  on  the  corresponding  plots  of  Series  11.  without 
the  silicate.  There  was  also  a  greater  increase  of  straw  by  the 
use  of  the  silicates  where  superphosphate  was  not,  than  where  it 
was  employed. 

The  next  experiments  to  consider  are  those  with  nitrate  of 
soda  alone  (Series  IV.).  1  N  received,  for  nineteen  years  in 
succession,  275  lbs.  nitrate  of  soda,  containing  nitrogen =50  lbs. 
ammonia ;  and  2  N  received,  for  the  first  five  of  the  nineteen  years, 
double  the  amount,  or  550  lbs.  =  100  lbs.  ammonia,  and  afterwards, 
for  fourteen  years,  only  275  lbs.,  as  Plot  1  N.  But  as,  in  the 
first  year  of  the  twenty,  both  plots  received  superphosphate  of 
lime  and  sulphate  of  potass  in  considerable  amount^  which 
doubtless  increased  the  effects  of  the  nitrogen  subsequently  sup- 
plied for  many  years,  if  not  for  the  whole  period,  the  results 
of  1  N  are  not  strictly  comparable  with  those  of  1  A  receiving 
annually  the  same  amount  of  nitrogen  as  ammonia-salts,  nor  are 
those  of  2  N  comparable  with  those  of  1  A  A.  As  the  figures 
stand,  however,  the  average  of  twenty  years  with  ammonia-salts, 
and  of  nineteen  with  nitrate  of  soda  =  50  lbs.  of  ammonia,  shows 
with  the  ammonia-salts  3*68  ammonia,  and  with  the  nitrate, 
nitrogen  =  only  2*74  lbs.,  required  to  yield  1  bushel  increase  of 
grain  and  its  straw;  and  with  the  double  amount  during  the 
first  few  years,  the  ammonia-salts  show  3*53,  and  the  nitrate  only 
2*81  lbs.  required.  It  has  already  been  explained  (pp.  94-6)  that 
enough  phosphoric  acid  and  potass  were  applied  on  the  nitrate 
plots  in  the  first  year,  to  supply  as  much  of  these  constituents  as 
would  be  contained  in  the  excess  of  produce  by  the  nitrate  over 
that  by  the  ammonia-salts  throughout  the  subsequent  period ; 
so  that,  obviously,  only  part  of  the  better  result  of  the  nitrate 
can  be  supposed  to  be  due  to  the  condition  of  combination  of  its 
nitrogen. 

The  result  is,  at  any  rate,  remarkable,  that  after  mineral  manures 
once  applied,  nitrate  of  soda  alone  should,  for  nineteen  years  in 
succession,  yield  a  result  in  proportion  to  its  nitrogen,  compara- 
tively so  little  inferior  to  ammonia-salts  used  every  year  in  con- 
junction with  superphosphate,  or  with  superphosphate  and  salts 
of  potass,  soda  and  magnesia. 

The  next  experiments  are  those  of  Series  V.,  in  which  rape-cake 
was  used  without,  and  with  mineral  manures.     During  Uie  first 
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6  years  2000  lbs.,  and  during  the  last  14  jears  1000  lbs.  per  acre 
per  annum  were  applied.  The  rape-cake  is  calculated  to  contain 
4*75  per  cent,  of  nitrogen.  This  estimate  is  not  founded  on  direct 
analysis  of  the  lots  actually  employed,  but  is  deduced  from  our 
own  and  published  results  on  various  samples  in  the  market 
Adopting  it,  the  2000  lbs.  would  contain  95  lbs.  nitrogen  =  115'4 
lbs.  ammonia,  and  the  1000  lbs.,  47*5  lbs.  nitrogen  =  57'7  lbs. 
ammonia. 

As  the  manure  leaves  a  considerable  residue  for  futare  crops, 
and  would  especially  do  so  during  the  first  6  years,  the  calcu- 
lation of  the  whole  of  the  nitrogen  supplied,  against  the  increase 
obtained  during  that  period,  does  not  show  the  total  or  final 
effect  of  the  nitrogen  so  supplied ;  whilst,  during  the  succeeding 
14  years,  the  figures  will  represent  the  result  too  favourably, 
in  so  far  as  a  portion  of  the  increase  will  doubtless  be  due  to 
accumulation  from  the  previous  applications ;  and  this  would 
probably  be  more  considerable,  and  more  effective,  than  in  the 
case  of  the  double  supply  of  ammonia-salts  (Series  11.).  Accord- 
ingly, the  'figures  show  much  more  nitrogen  applied  for  the 
production  of  a  bushel  of  increase  during  the  first  6,  than  during 
the  last  14  years. 

As  already  explained,  the  increase  is,  as  in  the  experiments 
with  ammonia-salts,  calculated  over  the  produce  on  the  corre- 
sponding plots  without  nitrogenous  manure.  This  plan  is,  upon 
the  whole,  less  open  to  objection  than  taking  the  increase  in  egxii 
case  over  the  unmanured  produce ;  but  a  consideration  of  the 
results  will  show  that  it  is  by  no  means  without  objection. 

The  general  result  is,  that  the  experiments  with  rape-cake 
show  less  difference  and  less  beneficial  effect  due  to  the  mineral 
manures  also  used,  than  those  with  ammonia-salts.  Thus,  com- 
paring the  results  with  rape-cake  over  the  last  14,  or  the  20  years, 
with  those  of  Series  II.,  with  ammonia-salts  over  the  same  periods 
(both  manures  being  applied  in  double  quantity  during  die  first 
6  years),  considerably  less  nitrogen,  reckoned  as  ammonia,  is 
calculated  to  have  been  required  to  yield  a  given  increase  with 
ammonia-salts  than  with  rape-cake  when  superphosphate  was  also 
used,  but  considerably  less  with  rape-cake  than  with  ammonia- 
salts,  when  each  was  used  without  superphosphate. 

The  fact  is  that  rape-cake  itself  contains  phosphates  and  other 
mineral  constituents,  which  serve  to  render  the  nitrogen  associated 
with  them  the  more  effective.  It  is  obvious,  dierefore,  that 
calculating  the  increase  by  the  rape-cake  alone  over  the  produce 
without  manure,  and  that  by  rape-cake  and  mineral  manure  over 
the  produce  by  the  corresponding  mineral  manure  alone,  gives  a 
relatively  too  favourable  result  for  the  rape-cake  where  it  is  used 
alone,  and  too  unfavourable  where  it  is  used  with  the  mineral 
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iDanures.  For,  when  used  alone,  the  increase  so  reckoned  as  due 
to  the  nitrogen  only,  includes  that  due  to  the  associated  mineral 
constituents  of  the  rape-cake ;  but  when  used  with  mineral 
manures,  the  increase  due  to  the  mineral  constituents  directly 
applied  is  deducted.  On  this  point  it  may  be  mentioned  that, 
if  the  increase  were,  in  all  four  experiments  with  rape-cake, 
calculated  over  the  unmanured  produce,  the  result  would  appear, 
both  actually  and  relatively,  more  favourable  where  mineral 
manures  were  also  used,  than  the  figures  in  the  Table  show. 

The  comparison  between  the  ammonia-salts  and  the  rape-cake 
is,  of  course,  so  far  as  the  nitrogen  is  concerned,  the  fairest  where 
the  mineral  conditions  were  the  most  equally  favourable  with 
both  manures  ;  that  is  where  superphosphate  was  used.  The  less 
favourable  result  with  the  rape-cake  under  these  conditions  is, 
doubtless,  due  to  its  nitrogen  becoming  less  rapidly  available 
than  that  of  the  ammonia-salts.  Still,  upon  the  whole,  it  would 
appear  that  not  very  much  more  nitrogen  is  required  in  rape- 
cake  than  in  ammonia-salts  to  yield  a  given  amount  of  immediate 
increase ;  and  an  advantage  of  the  rape-cake  is,  not  only  that  it 
itself  supplies  mineral  constituents,  so  that  with  it  less  super- 
phosphate, if  any,  will  be  required,  but  that  its  nitrogen  will 
probably  be  less  liable  to  loss  by  drainage  than  that  of  ammonia- 
salts  or  nitrate  of  soda.  On  the  other  hand,  a  given  amount  of 
nitrogen  costs  more  in  rape-cake  than  in  either  sulphate  of  am- 
monia or  nitrate  of  soda. 

The  last  illustrations  relate  to  the  results  obtained  by  farmyard 
manure.  As  in  the  case  of  the  rape-cake,  the  quantity  of  nitrogen 
applied  can  only  be  approximately  estimated.  In  the  calculations 
it  has  been  assumed  tnat  the  dupg  contained  0*64  per  cent  of 
nitrogen  =  0*77  per  cent,  of  ammonia.  This  result  is  arrived  at 
by  calculations  founded  on  the  average  composition  of  the  matters 
supposed  to  enter  into  the  dung.  It  agrees  almost  precisely  with 
determinations  recently  made  in  dung  from  the  farmyard  at 
Rothamsted ;  but  it  is  rather  less  than  has  been  found  here  in 
good  box  dung.  It  is  almost  exactly  the  mean  of  the  results  of 
Boussingault  and  Voelcker  for  fresh  dung.  But  it  is  considerably 
higher  than  results  recently  published  by  Professor  Anderson. 

As  has  been  stated,  the  produce  on  the  farmyard-manure  plot 
has  increased  considerably  in  recent  years ;  and  accordingly 
the  Table  shows  much  less  nitrogen  =  ammonia  required  to 
yield  a  bushel  of  increase  in  the  later  than  in  the  earlier  years. 
There  has  indeed  been  a  great  accumulation,  the  effects  of  which 
have  been  only  very  gradually  developed.  Taking  the  average 
of  the  20  years,  however,  it  has  required  8  lbs.  of  ammonia,  or 
its  equivalent  of  nitrogen,  in  dung,  to  yield  one  bushel  increase 
of  barley,  and   its  straw ;  in  other  words,  nearly  four   times  as 
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much  as  when  a  mixture  of  ammonia-salts  and  superphosphate 
was  employed.  This  is  a  striking  illustration  of  the  slowness  of 
the  return  from  nitrogen  supplied  in  farmyard  manure  compared 
with  that  in  ammonia-salts  or  nitrate  of  soda.  It  is  obviously  an 
important  question  whether  less  or  more  of  the  at  first  unrecorered 
amount  is  lost  by  drainage,  or  otherwise,  in  the  one  case  than 
the  other  ?  or  whether  the  residue  from  the  one  description  of 
manure  is  more  or  less  effective  than  that  from  the  other  ?  These 
points  have  already  been  referred  to  in  some  of  their  aspects,  and 
will  be  further  considered  in  the  next  Section  (IV.)  ;  but  data 
are  still  wanting  for  their  full  and  satisfactory  settlement 

From  a  review  of  the  whole  of  the  data  brought  forward 
relating  to  the  point,  the  practical  conclusion  may  be  drawn, 
that  when  an  increase  of  barley  is  obtained  by  means  of  artificial 
manures,  such  as  sulphate  of  ammonia,  or  nitrate  of  soda,  or 
Peruvian  guano,  an  increase  of  1  bushel  of  grain  (52  lbs.),  and 
its  proportion  of  straw  (say  63  lbs.),  may,  taking  the  average  of 
seasons,  be  calculated  upon  for  every  2  to  2^  lbs.  of  ammonia, 
or  its  equivalent  of  nitrogen  (1*65  to  1*86  lb.),  supplied  in  the 
manure — provided  the  amount  applied  be  not  excessive,  and 
provided  there  be  no  deficiency  of  mineral  constituents  within 
the  soil. 

These  conditions  will  be  fulfilled  when  barley,  grown  after 
dunged  roots  carted  off,  or  after  another  corn  crop,  is  manured 
by  from  1^  to  2  cwts.  of  sulphate  of  ammonia,  or  If  to  2^  cwts. 
of  nitrate  of  soda,  with  2  to  3  cwts.  of  superphosphate,  per  acre ; 
or,  from  3  to  4  cwts.  of  Peruvian  gu^no,  containing  12  per  cent,  of 
ammonia,  without  superphosphate. 

When,  however,  rape-cake  is  used,  rather  more  nitrogen  in 
that  form  will  be  required  to  yield  a  given  increase  of  the  crop 
for  which  it  is  applied ;  but  when  the  increase  is  obtained  by 
sheep-folding,  or  farmyard  manure,  very  much  less  will  be 
obtained  in  the  first  crop,  in  proportion  to  the  nitrogen  con- 
tained in  the  manure. 

In  our  Report  on  the  growth  of  wheat  for  twenty  years  in 
succession  on  the  same  land,  it  was  shown  for  that  crop,  as  now 
it  is  for  barley,  that  the  quantity  of  increase  obtained  for  a  given 
amount  of  ammonia,  or  its  equivalent  of  nitrogen,  in  manure, 
varied  exceedingly  according  to  the  amount  applied,  to  the 
provision  of  mineral  constituents  within  the  soil,  and  to  the 
seasons.  It  was,  however,  stated,  as  a  general  practical  conclusion, 
that,  under  the  conditions  the  most  camparable  with  those  of 
ordinary  practice,  approximately  5  lbs.  of  ammonia,  or  its 
equivalent  of  nitrogen,  were  on  ,the  average  required  to  yield 
1  bushel  increase  of  wheat,  and  its  proportion  of  straw.     Now, 
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1  bushel  of  wheat  may  be  reckoned  to  weigh  61  lbs.,  and  its 
average  proportion  of  straw  105  lbs.  Thus,  whilst  from  2  to  2^ 
lbs.  of  ammonia  in  manure  will  yield  52  lbs.  barley-grain,  and 
63  lbs.  straw  =  115  lbs.  total  produce,  it  required  5  lbs.  to  yield 
61  lbs.  of  wheat-grain,  and  105  lbs.  straw  «=  166  lbs.  total 
produce. 

It  is  clear  that  it  required  much  more  nitrogen  in  manure  to 
yield  a  given  amount  of  increase  of  produce  when  applied  in  the 
autumn  for  wheat,  than  when  in  the  spring  for  barley. 

The  questions  remain — what  proportion  of  the  supplied 
nitrogen  is  recovered  in  the  immediate  increase  of  crop? — what 
becomes  of  the  unrecovered  amount,  if  any  ? — does  it,  wholly  or 
in  part,  remain  in  the  soil? — if  so,  what  will  be  its  effect  on 
succeeding  crops? — or,  lastly,  is  there  any  material  loss,  by 
drainage,  or  otherwise  ?     These  points  will  next  be  considered. 

Section  IV. — On  the  Effects  of  the  unexhausted  Residue 

FROM  previous  MANURING   UPON  SUCCEEDING  CrOPS,    LoSS 

OF  Constituents  by  Drainage,  and  some  allied  Points. 

In  the  foregoing  pages  incidental  reference  has  frequently  been 
made  to  the  effects  of  the  residue  from  previous  manuring  upon 
succeeding  crops ;  but  the  subject  is,  in  various  aspects,  of  such 
great  importance,  that  it  has  been  reserved  for  separate  consi- 
deration in  this  place. 

For  example,  it  is  of  very  great  practical  interest  to  have  some 
exact  data,  showing — what  proportion  of  the  nitrogen,  supplied  in 
manure,  will  probably  be  recovered  in  the  increase  of  the  crop 
for  which  it  is  applied  ;  whether,  or  in  what  degree,  the  at  first 
unrecovered  amount  will,  on  the  one  hand  be  retained  by  the 
soil,  or  on  the  other,  be  drained  away  and  lost?  whether,  if 
retained,  it  will  remain,  wholly,  or  in  part,  in  such  a  state  of 
combination,  and  distribution,  within  the  soil,  as  to  be  available 
for  succeeding  crops?  and  so  on. 

Very  similar  questions  obviously  arise  in  regard  to  the  mineral 
constituents  of  manures  and  crops  ;  and  so  far  at  least  as  some 
of  those  constituents  are  concerned,  it  is  very  important  to  be 
able  to  refer  to  direct  experimental  evidence^  bearing  on  the 
subject  4 

But,  independently  of  fabts  and  conclusions  of  great  general 
interest  and  importance,  when  the  same  manure  is  applied,  and 
the  same  crop  grown,  year  after  year  on  the  same  land,  it  is 
essential  to  a  proper  interpretation  of  the  average  results  obtained 
over  a  series  of  years,  not  only  to  consider  the  characters  of  the 
seasons,  but  also  whether  any  particular  description  of  manure,  so 
applied,  induces  exhaustion  of  certain  constituents,  resulting  in 
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diminifhed,  or  accnmulation  teading  to  increased,  prodactiTOi 
from  year  to  year. 

In  our  R«port  on  the  growth  nT  wheat  for  20  jears  in  sdci 
■ioD  on  the  same  land,  the  quesUon  of  the  eSects  of 
unexhausted  residue  from  previous  manuring  upon  sncrceedn! 
crops,  was  considered  so  far  as  evidence  was  then  at  oommani. 
and  it  is  proposed  to  give  some  further  illustrations  relating  t 
that  crop.  The  ezperiments  on  barley  afford  bat  few  iUustraiJa* 
of  the  point ;  but  it  will  be  instructive  to  call  attention  to  sad 
as  are  available,  to  consider  how  far  their  indications  agree  wiu 
and  how  far  thej  differ  from,  those  relating  to  wheat,  and  c 
endeavour  not  only  to  explain  the  general  facts  observed,  but  v 
ascertain  the  reason  of  any  differences  of  result  with  tbe  tM 
crops. 

The  eSectS  of  the  unexhausted  residue  of  nitrc^en,  snpfdiel 
as  amoionia-salts,  or  nitrate  of  soda,  will  first  be  considered. 

Table  XL.  relates  to  experiments  on   barley   with 
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ealts.  The  two  Plots,  4  A  and  4  AA,  have  received  the  same 
description  and  amount  of  mineral  manure  every  jear  from  the 
commencement.  In  addition,  4  A  has  received  200  lbs.  of 
ammonia-salts  per  acre  every  year,  but  4  A  A  400  lbs.,  or  double 
the  amount  the  first  6  years,  and  only  200  lbs.,  or  the  same  as 
4  A,  the  next  10  years.  Any  increase,  therefore,  on  Plot  4  AA 
over  4  A,  during  the  10  years  in  which  they  both  received  the 
same  amount  of  ammonia-salts,  may  presumably  be  attributed  to 
the  extra  amount  applied  to  4  A  A  during  the  first  6  years. 
Por  the  sake  of  more  exact  comparison  than  the  record  of  the 
actual  quantities  of  dressed  com  would  afford,  the  total  corn 
f)er  acre  has,  in  each  case,  been  calculated  into  bushels  of 
521bs. 

It  appears  that,  during  the  10  years,  there  was  an  excess  of 
produce  on  4  A  A  compared  with  4  A,  due  to  the  unexhausted 
residue  from  the  previous  nitrogenous  manuring,  of  nearly 
2S  bushels  of  com,  and  just  28  cwts.  of  straw ;  oi;  an  annual 
average  of  2f  bushels  of  com,  and  2f  cwts.  of  straw.  It  is  also 
to  be  observed  that  the  excess  in  the  tenth  year  was  almost  exactly 
the  same  as  the  average  of  the  10  years,  showing  that  the  residue 
was  not  even  then  exhausted.  There  was,  then,  in  this  case,  a 
marked  effect  upon  the  succeeding  barley  crops,  from  the  extra 
ammonia-salts  applied  in  the  first  6  years. 

Table  XLI.  (page  128)  shows,  in  like  manner,  the  effects  on 
succeeding  barley-crops  of  a  previous  extra  supply  of  nitrogen  in 
the  form  of  nitrate  of  soda.  The  two  Plots,  1  N  and  2  N,  each 
received  in  the  first  year,  1852,  3^  cwts.  superphosphate  of  lime, 
and  300  lbs.  sulphate  of  potass  per  acre.  Each  year  since,  1  N 
has  received  275  lbs.  nitrate  of  soda,  and  2  N  550  lbs.  during 
the  first  5  years,  but  subsequently  only  275  lbs.,  or  the  same 
amount  as  1  N. 

The  Table  shows  that,  during  the  14  years  after  the  cessa- 
tion of  the  extra  application  of  nitrate  on  Plot  2  N,  it  continued  to 
pye  more  produce  than  1  N,  amounting  in  die  14  years  to 
about  51^  bushels  of  com,  and  rather  over  30  cwts.  of  straw,  or 
to  an  average  per  acre  per  annum  of  3^  bushels  of  corn,  and 
2^  cwts.  of  straw.  Here,  again,  as  in  the  experiments  with  the 
ammonia-salts,  the  increase  in  the  last  year  of  the  series  is  almost 
precisely  the  same  as  the  average  increase  over  the  whole  period. 
The  differences  from  year  to  year  are  obviously  due  to  pecu- 
liarities of  season.  The  result  is  clear,  however,  that  with  the 
nitrate,  as  with  the  ammonia-salts,  there  was  a  somewhat  lasting 
effect  from  the  extra  amount  applied  during  the  earlier  years. 

It  will  be  of  much  interest  to  compare  die  above  results  with 
barley,  with  those  obtained  with  wheat;  and  it  is  especially 
desirable  to  adduce  those  which  bear  upon  the  point  relating  to 
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Tablb  XLI.^-Effects  of  the  Unexhausted  Residue  of  Kitrogen  applied  to  Barl^ 

l>Iitrate  of  Soda. 
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the  latter  crop,  since  we  are   now  enabled  to  give  them  for 
8  years  longer  than  at  the  time  of  the  last  Report 

Plots  5  and  16,  referred  to  in  Table  XLII.  (next  page),  were  both 
rariouly  manured  during  the  first  8  years,  1844-1851.  From 
1852  to  the  present  time,  Plot  5  has  every  year  received  a  mixed 
mineral  manure  containing  superphosphate  of  lime,  and  sulphates 
of  potass,  soda,  and  magnesia ;  whilst  Plot  16  received  annually, 
for  the  first  13  years  of  the  period,  namely  1852—1864  inclusive, 
the  same  mixed  mineral  manure  as  Plot  5,  but  in  addition  the 
very  excessive  amount  of  800  lbs.  of  ammonia-salts  per  acre  per 
annum.  For  the  crop  of  1865,  and  since,  however.  Plot  16  has 
been  left  unmanured.  The  800  lbs.  of  ammonia-salts  would 
supply  annually  to  the  soil  about  200  lbs.  of  ammonia  =  164  lbs. 
of  nitrogen ;  whilst,  as  will  be  seen  further  on,  scarcely  three- 
tenths  as  much  was  recovered  in  the  average  annual  increase  of 
wheat  (com  and  straw)  during  the  13  years  of  the  application ; 
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so  that  at  the  end  of  that  period  there  remained  seyen-tenths, 
or  more,  of  the  large  amount  applied  still  to  be  accounted  for. 

Tablb  XLII. — Effects  of  the  Unexhausted  Hesidue  of  Nitrogen  applied  to  Wheat  as 

Ammonia-salts. 
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Stated  broadly  and  in  round  numbers,  the  result  is  as  follows: — 
By  the  actual  utilization,  or  appropriation^  of  say  three-tenths 
of  the  nitrogen  annually  supplied,  there  was  obtained,  over  the 
13  years  of  the  application,  an  average  produce  of  nearly 
41  bushels  of  wheat  grain,  and  more  than  46 j^  cwts.  of  straw, 
or  an  average  annual  increase  over  the  produce  by  the  mixed 
mineral  manure  alone,  during  the  same  period,  of  22  bushels  of 
grain  and  30  cwts.  of  straw.  During  the  7  succeeding  years, 
the  seven-tenths  of  the  supplied  nitrogen,  which  was  not  thus 
recovered  in  the  increase  of  crop  in  the  years  of  its  application, 
yielded  an  average  annual  produce  of  only  20^  bushels  of  grain 
and  16-}  cwts.  of  straw,  or  an  average  annual  increase  over  the 
produce  by  the  mineral  manure  alone  (Plot  5)  of  only  b^  bushels 
of  grain  and  4^  cwts.  of  straw ;  whilst  during  the  last  3  years 
there  was  scarcely  any  increase  at  all.  In  fact,  of  the  13  yeafs 
application,  and  the  13  years  unrecovered  nitrogen,  amounting  to 
about  seven-tenths  of  the  whole  supplied,  less  than  the  quantity 
left  unrecovered  in  one  year,  was  effective  during  the  7  succeeding 
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years ;  and,  practically  speaking,  nearly  the  whole  of  the  result 
was  obtained  during  the  jfirst  4  years  of  the  7.  It  is  true  that 
the  mixed  mineral  manure  was  not  applied  on  Plot  16  as  on 
Plot  5  during  the  last  7  years;  but  with  the  liberal  appli- 
cation during  the  13  years  and  previously,  there  could  be 
no  want  of  available  mineral  constituents  within  the  soil ;  and 
even  if  the  produce  during  the  7  years  were  compared  with 
that  without  any  manure,  instead  of  with  that  with  mineral 
manure,  the  annual  increase  from  the  residue  would  appear  but 
little  more,  and  the  general  result  would  remain  substantially  the 
same. 

Again,  Plots  5,  and  17  and  18,  particulars  of  which  are  given  in 
Table  XLIII.  (next  page),  received  during  the  jfirst  8  years 
(1844-'51)  various,  but,  upon  the  whole,  very  similar  mixtures  of 
mineral  manures,  ammonia-salts,  and  rape-cake;  and,  as  the 
Table  shows,  they  yielded  very  similar  average  annual  amounts  of 
produce  during  that  period.  In  1852,  therefore,  the  plots  werev 
practically,  in  very  similar  condition.  For  the  produce  of  that 
year,  and  each  year  since,  up  to  the  present  time.  Plot  5  has 
received  a  mixture  of  superphosphate  of  lime,  and  sulphates  of 
potass,  soda,  and  magnesia.  Over  the  same  period.  Plots  17 
and  18  have  received  the  same  mineral  manure,  or  ammonia- 
salts,  alternately.  For  example,  for  the  crop  of  1852,  Plot  17 
received  400  lbs.  ammonia-salts,  and  Plot  18  the  mineral 
manure ;  for  that  of  1853,  Plot  17  received  the  mineral  manure, 
and  Plot  18  the  ammonia-salts ;  and  so  on,  alternately,  for  the 
20  years.  Thus,  in  each  year,  the  one  or  the  other  plot 
was  manured  with  mineral  manure,  succeeding  a  dressing  of 
ammonia-salts.  These  were  conditions  obviously  very  favour^ 
able  for  turning  to  account  any  residue  of  the  nitrogenous 
manure  of  the  previous  year  which  might  still  remain  in  the 
soil  in  a  state  of  combination,  and  distribution,  such  as  to  be 
available  for  the  plant.  The  Table  shows  the  produce  obtained 
each  year  on  Plot  5  by  mineral  manure  year  after  year,  and 
also  that  obtained  each  year  by  mineral  manures  after  ammonia- 
salts,  on  Plot  17,  or  18,  as  the  case  may  be. 

It  is  seen  that  the  mineral  manure  on  Plot  17,  or  18,  each 
year  succeeding  a  liberal  dressing  of  ammoniapsalts  for  the  crop 
of  the  previous  year,  gave,  in  20  years,  only  l&f-  bushels  of 
corn  and  22-|  cwts.  of  straw,  or  annually  only  f  bushel  of  com 
and  1-J*  cwt  of  straw,  more  than  Plot  5,  which  received  the 
same  mineral  manure  every  year  without  the  interposition  of  any 
ammonia-salts. 

The  result  is,  then,  that  when  400  lbs.  of  ammoniac-salts  per 
acre  were  used  for  wheat,  the  unexhausted  residue  of  nitrogen,  if 
any,  gave  very  little  .  increase  of  produce  in  succeeding  years ; 
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Table  XLIIL — ^Effects  of  the  Unexhausted  Besidae  of  Hitrogen  applied  to  Wheat  as 

Ammonia-salts. 
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whereas,  when  the  same  amouat  of  ammonia-salts  was  used  for 
6  years  in  succession  for  barley,  there  was  an  excess  of  produce, 
doubtless  due  to  the  unexhausted  residue  of  nitrogen,  which 
averaged  2|-  bushels  of  com,  and  2f  cwts.  of  straw,  per  acre  per 
annum;  for  10  years  in  succession,  with  evidence  that  the  effect 
was  not  even  then  at  an  end. 

Thus,  it  was  shown  in  Sections  II.  and  III.  that  a  given 
amount  of  nitrogen  in  manure  yielded  more  increase  of  barley 
than  of  wheat  in  the  years  of  its  application  ;  and  it  is  now  seen 
that  it  also  leaves  a  more  effective  residue  when  applied  for 
barley  than  for  wheat. 
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The  qaestioDS  arise — What  proportion  of  the  supplied  nitrogen 
is,  in  either  case,  recovered  in  the  increase  of  crop?  What 
becomes  of  the  unrecovcred  amount,  if  any?  How  is  it  that 
more  increase  is  obtained^  and  that  there  is  apparently  less  loss, 
in  the  case  of  the  barley  than  of  the  wheat  ? 

In  our  jfirst  paper  in  the  *  Journal  of  the  Royal  Agrncultural 
Society  of  England/  now  more  than  twenty-five  years  ago, 
we  pointed  out  that  about  5  lbs.  of  ammonia  in  manure  had 
been  found  necessary  for  the  production  of  1  bushel  of  increase 
of  wheat  and  its  straw.  Frequently  since,  the  question  of 
the  proportion  of  the  nitrogen  of  manure  recovered  in  the  increase 
of  produce  obtained  Has  been  illustrated  by  results  of  the  direct 
analysis  of  the  produce.  This  was  done^  so  far  as  barley  is  con- 
cerned, in  the  Report  on  the  first  6  years  of  the  experiments 
(Vol.  xviii.,  1858).  In  a  paper  ^^On  the  Annual  Yield  of 
Nitrogen  per  Acre  in  Different  Crops,"  read  at  the  meeting 
of  the  British  Association  for  the  Advancement  of  Science  held 
at  Leeds  in  1858,  it  was  concluded  that,  with  wheat  and  barley 
indifferently,  rather  more  than  four-tenths  of  the  supplied  nitro- 
gen was  recovered  in  the  increase.  Again,  in  a  paper  **  On  the 
Sources  of  the  Nitrogen  of  Vegetation,  &c.,"*  much  the  same 
estimate  was  arrived  at  for  wheat,  for  barley,  and  for  meadow- 
hay;  and  estimates  were  also  made  in  regard  to  some  other 
crops. 

The  subject  is,  however,  one  of  such  great  importance,  and 
the  number  of  years  over  which  the  estimate  can  be  made  is  now 
so  much  greater  than  formerly,  that  numerous  new  analyses  have 
been  made  for  the  purposes  of  this  paper.  The  nitrogen  has  thus 
been  determined  in  die  produce  for  20  years  (1852-1871),  of 
six  of  the  wheat,  and  five  of  the  barley  plots ;  also,  but  for  3 
years  only,  in  that  of  three  of  the  experimental  oat  plots.  For  the  oats 
the  nitrogen  has  been  determined  in  the  grain  and  in  the  straw 
of  each  year  separately ;  but,  for  the  wheat,  and  for  the  barley, 
respectively,  a  mixture  has  been  made  of  the  produce  (com  and 
the  straw  separately)  of  each  plot,  for  the  20  years,  the  quan- 
tity taken  being  in  exact  proportion  to  the  amount  of  produce 
per  acre  each  year.  The  whole  was  then  ground  up  together; 
so  that  the  mixed  samples  respectively  represent  the  produce  of 
the  grain  and  of  the  straw  of  each  plo^  for  the  20  years. 

Table  XLIV.  (p.  133)  shows  the  amount  of  nitrogen  recovered 
in  the  increase  of  produce  (corn  and  straw),  and  the  amount 
not  recovered,  for  100  supplied  in  manure. 

For  wheats  the  plots  selected  are — that  with  14  tons  farmyard 

*  *  Philosophical  Transactioni/ Part  II.,  1861;  alBO  '  Joar.  Chem.  Soc,' new 
series,  vol.  i.,  1853. 
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manure  per  acre  per  annam  for  20  years;  those  with  mixed 
mineral  manure  and  200  lbs.,  400  lbs.,  600  lbs.,  and  800  lbs.,  of 
ammonia-salts,  per  acre  per  annum ;  and  that  with  the  same 
mineral  manure  and  550  lbs.  nitrate  of  soda  per  acre  per  annum. 
For  barley^  the  plots  are — ^that  with  14  tons  farmyard  maaoie 
per  acre  per  annum  for  20  years;  that  with  the  same  mixed 
mineral  manure  as  for  the  wheat,  and  200  lbs.  ammonia-salts 
per  acre  per  annum  for  20  years ;  that  with  the  same  mineral 
manure  for  20  years,  400  lbs.  ammonia-salts  for  the  first 
6  years,  200  lbs.  for  the  next  10  years,  and  275  lbs.  nitrate 
of  soda  for  the  last  4  years  of  the  20 ;  and  that  with  the  same 
mineral  manure  and  2000  lbs.  rape-cake  for  the  first  6  yean, 
and  1000  lbs.  for  the  next  14  years. 

For  oats — the  plot  with  the  same  mixed  mineral  manure  as  for 
wheat  and  for  barley,  and  400  lbs.  ammonia-salts  ;  also  that  with 
the  same  mineral  manure  and  550  lbs.  nitrate  of  soda  per  acre 
per  annum,  but  for  three  years  only. 

The  increase  in  the  amount  of  nitrogen  in  the  produce  by  the 
use  of  it  in  manure  is,  in  the  cases  of  the  artificial  mixtures  of 
nitrogenous  and  mineral  manure,  calculated  over  the  amount 
determined  in  the  produce  by  the  corresponding  mineral  manure 
without  ammonia.  The  increase  in  the  produce  of  nitrogen 
by  farmyard  manure  is  also  calculated  over  that  by  the  purely 
mineral  manure. 

According  to  the  figures,  there  was,  with  the  same  mixed 
mineral  manure  and  200  lbs.  of  ammonia-salts  per  acre  per 
annum  for  20  years  in  succession,  rather  less  than  one-third 
of  the  supplied  nitrogen  recovered  in  the  increase  of  the  wheat, 
but  nearly  one-half  in  that  of  the  barley. 

With  the  same  mineral  manure,  and  400  lbs.  ammonia-salts 
applied  for  20  years  for  wheat,  and  400  lbs.  for  6  years,  200 
lbs.  for  10  years,  and  275  lbs.  nitrate  for  4  years — in  all  20 
years — for  barley,  there  was  recovered  in  the  increase  of  the 
wheat,  again  scarcely  one-third,  but  in  that  of  the  barley  again 
nearly  one-half.  With  the  same  mineral  manure  and  400  lbs. 
ammonia-saltB  applied  to  oats,  but  for  3  years  only,  there  was 
even  rather  more  than  one-half  of  the  supplied  nitrogen  reckoned 
to  be  recovered  in  the  increase  of  crop. 

When  the  more  excessive  amounts  of  anmionia-salts  were 
applied  for  wheat,  notably  less  than  one-third  of  the  supplied 
nitrogen  was  recovered,  and  the  less  the  greater  the  excess. 

On  the  other  hand,  when  550  lbs.  of  nitrate  of  soda  (contain- 
ing nitrogen  =  400  lbs.  ammonia-salts)  were  applied,  there  was, 
even  with  wheat,  not  much  less  than  half,  and  with  oats  rather 
more  than  half  of  the  nitrogen  recovered  in  the  increase  of  crop. 
With  rape-cake  applied  for  barley,  a  considerably  less  pro- 
portion of  liie  nitrogen  was  recovered  than  with  ammonia-salts. 
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Lastly,  with  farmjard  manure,  whether  applied  to  wheat  or  to 
barley,  very  much  less  of  the  supplied  nitrogen  was  recovered 
than  with  any  of  the  artificial  manures.  Indeed,  assuming  the 
dung  to  have  provided  about  200  lbs.  of  nitrogen  per  acre  per 
annum,  there  was  recovered  in  the  increased  produce  of  the 
wheat  only  about  one»seventh,  and  in  that  of  the  barley  scarcely 
one-ninth,  of  the  nitrogen  supplied  by  the  manure. 

The  general  result  of  this  new  and  more  extended  inquiry  is, 
then — that  with  neither  crop  is  the  whole  of  the  supplied  nitrogen 
recovered  in  the  increase  of  produce  obtained ;  that  when  a  given 
amount  of  ammonia-salts  was  applied  a  much  less  proportion  was 
recovered  in  wheat  than  in  either  barley  or  oats ;  but  that,  even 
with  wheat,  more  was  recovered  when  nitrate  of  soda  was  em- 
ployed than  when  ammonia^salts  were  used. 

How  is  the  apparent  loss  to  be  explained  ?  and  how  is  it  that  a 
greater  loss  is  observed  with  wheat  than  with  either  barley  or  oats  ? 

In  the  paper  in  the  ^Philosophical  Transactions'  (Part  II. 
1861),*  already  referred  to,  after  showing  the  relation  of  the 
nitrogen  in  increase  to  that  in  manure  in  some  particular  cases, 
we  submitted  the  following  questions : — 

^'  Is  the  unrecovered  amount  of  supplied  Nitrogen  or  at  any 
rate  a  considerable  proportion  of  it,  drained  away  and  lost  ? 

^*  Are  the  nitrogenous  compounds  transformed  within  the  soil, 
and  their  Nitrogen,  in  some  form,  evaporated  ? 

^<  Does  the  missing  amount  for  the  most  part  remain  in  some 
fixed  combination  in  the  soil,  only  to  be  yielded  up,  if  ever,  in 
the  course  of  a  long  series  of  years  ? 

*^  Is  ammonia  itself,  or  Nitrogen  in  the  free  state,  or  in  some 
other  form  of  combination  than  ammonia,  given  off  from  the 
surface  of  the  growing  plant  ?     Or,  lastly, 

'*  When  Nitrogen  is  supplied  within  the  soil  for  the  increased 
growth  of  the  Graminaceous  crop,  is  there  simply  an  unfavour- 
able distribution  of  it,  considered  in  relation  to  die  distribution 
of  the  underground  feeders  of  the  crop  ? — ^the  Leguminous  crop, 
which  alternates  with  it,  gathering  from  a  more  extended  range 
of  soil,  and  leaving  a  residue  of  assimilable  Nitrogen  within  the 
range  of  collection  of  a  next  succeeding  Cereal  one  ?" 

Briefly  enumerated,  the  three  main  sources  of  loss  of  nitrogen 
here  suggested  are,  then — drainage ;  accumulation  within  the  soil 
in  a  state  of  combination^  or  distrihuJtion^  urifavourable  for  being 
taken  up  by  the  immediatelg  succeeding  crop ;  or  evolution  in  some 
form  from  the  surface  of  the  growing  plant. 

From  some  of  the  results  reported  in  the  same  paper,  and  also 


•  •*  On  tbe  Sources  of  the  Nitrogen  of  Vegetation ;  with  special  reference  to  the 

Saestion  whether  plants  assimilate  free  or  uucombioed  NitrogeD."    By  Lawes, 
ilbert,  and  Pugh. 
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from  other  considerations,  we  concladed,  in  opposition  to  tbe 
view  we  had  previously  been  disposed  to  entertain,  that  the  last- 
named  of  these,  that  is,  evolution  from  the  plants  did  not  take 
place. 

With  regard  to  drainage^  the  previous  results  of  Professor 
WsLj*  and  especially  the  subsequent  ones  of  the  experiments 
conducted  at  Kugby  under  our  superintendence  for  the  Royal 
Sewage  Commission,!  ^®d  us  to  attribute  great  importance  to 
that  part  of  the  subject  In  the  course  of  that  inquiry  we 
arranged  for  the  collection  of  sixty-two  samples  of  drainage- 
water,  the  partial  analysis  of  which  was  conducted  by  Professor 
Way ;  and,  comparing  the  results  with  those  on  the  corresponding 
samples  of  sewage,  it  was  obvious  that  but  a  small  proportion  of 
the  nitrogen  of  the  sewage  which  was  not  obtained  in  the  increase 
of  produce  was  recovered  in  the  drainage-water  in  the  form  of 
ammonia.  We  therefore  arranged  for  the  collection  of  some 
special  samples  for  complete  analysis,  and  especially  for  the 
determination  of  the  nitric  acid,  if  any,  in  both  sewage  and 
drainage-water.  The  results  showed  considerably  more  nitrogen 
in  the  drainage  in  the  form  of  nitric  acid  than  in  that  of  am- 
monia. Indeed,  it  was  obvious  that  a  large  proportion  of  that 
important  manurial  constituent  of  the  sewage  was  drained  away 
and  lost  Satisfied  for  the  time  with  this  indication,  it  was  not 
contemplated  to  follow  up  that  part  of  our  general  inquiry  until 
the  question  of  the  accumulation  of  nitrogen  within  the  sod  itself 
had  first  been  investigated. 

After  the  publication,  in  1864,  of  the  results  of  the  growth  of 
wheat  for  twenty  years  in  succession  on  the  same  land,  the  sub- 
ject of  the  composition  of  the  crop,  according  to  season  and 
manure,  was  resumed ;  and  it  was  determined  to  examine  both 
the  soils  and  the  drainage-waters  from  the  different  plots,  to  see 
whether  there  was,  on  the  one  hand  an  accumulation  of  nitrogen 
in  the  soil,  and  on  the  other  a  loss  by  drainage.  The  nitn^n 
was  determined  in  the  first  9  inches,  the  second  9  inches,  and 
the  third  9  inches ;  or,  in  all,  to  a  depth  of  27  inches  of  soil. 
The  results  were  given  at  the  Meeting  of  the  British  Asso- 
ciation for  the  advancement  of  Science  at  Nottingham,  in  1866, 
and  the  following  quotation  from  the  abstract  of  that  paper  will 
indicate  their  general  bearing  :— 

^^  The  accumulation  of  nitrogen  from  the  residue  of  manuring 

*  ''On  the  Composition  of  the  Waters  of  Land-Drainage  and  of  Bain." 
(*  Jourral  of  the  Royal  Agricaltural  Society  of  England,'  vol.  zyIi.  Pturt  I.) 

t  "  On  the  Sewage  of  Towns"  (Third  Keport  and  Appendices  1,  2,  and  3, of 
the  Royal  Commission,  1865).  Also^'*  On  the  Composition,  Value,  and  Utilisation 
of  Town  Sewage  "  ('  Journal  of  the  Chemical  Society,'  New  Series,  voL  it.  ;  entirs 
«eries,  vol.  xix.,  1866). 
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was  fonnd  to  be,  in  some  cases,  very  considerable  ;  but  even  with 
equal  amounts  supplied,  it  varied,  both  in  total  amount  and  in 
distribution,  according  to  circumstances,  the  depth  to  which  the 
unused  supply  had  penetrated  being  apparently  influenced  by  the 
character  and  amount  of  the  associated  manurial  constituents. 
The  general  result  was,  that,  although  a  considerable  amount  of 
the  nitrogen  supplied  in  manure  which  had  not  been  recovered 
as  increase  of  crop  was  shown  to  remain  in  the  soil,  still  a  larger 
amount  was  as  yet  unaccounted  for.  Initiative  results  indicated 
that  some  existed  as  nitric  acid  in  the  soil,  but  it  was  believed 
that  the  amount  so  existing  would  prove  to  be  but  small.  In 
fact,  it  was  concluded  that  a  considerably  larger  proportion  would 
remain  entirely  unaccounted  for  within  the  soil  to  the  depth  under 
examination  than  was  there  traceable,  and  the  probability  was, 
that  at  any  rate  some  of  this  had  passed  off  into  the  drains,  and 
some  into  the  lower  strata  of  the  soil." 

^It  was  at  the  same  time  shown,  by  reference  to  field  results,  how 
very  small  was  the  increase  of  subsequent  wheat  crops  due  to  the 
large  residue  of  nitrogen  accumulated  in  the  soil,  notwithstanding 
its  amount  was  many  times  greater  than  that  which  would  yield 
an  increase  of  20  bushels  or  more,  if  applied  afresh  to  soil  other- 
wise in  the  same  condition. 

Thus,  then,  it  was  established,  that  there  was  a  considerable 
accumulation  within  the  soil,  of  nitrogen  supplied  in  manure 
and  not  recovered  in  the  increase  of  the  crop,  but  that  there 
remained  a  considerable  quantity  not  so  accounted  for ;  and  it 
was  concluded  that  some  of  this  had  passed  off  into  the  drains, 
and  some  into  the  lower  strata  of  the  subsoil. 

Being  fully  occupied  at  the  time  with  other  subjects,  and 
finding  that  Dr.  Voelcker  was  desirous  to  investigate  the  ques- 
tion of  land  drainage,  we  gladly  provided  him  with  samples  of 
the  drainage-water  from  the  differently-manured  plots  in  the 
experimental  wheat*>field,  and  also  with  full  particulars  of  their 
history  for  the  purposes  of  inquiry.  In  the  ^Journal  of  the 
Chemical  Society  of  London'  (vol.  ix.  8.8.  p.  291,  1871),  Dr. 
Voelcker  has  published  the  results  of  the  complete  analysis  of 
seventy  samples  of  drainage»water  of  accurately  known  history  so 
collected.  Those  results  are  a  most  valuable  contribution  to  our 
knowledge  of  the  subject,  not  only  in  its  agricultural  bearings,  but 
also  in  relation  to  the  question  of  the  influence  of  the  sources  of 
potable  and  other  waters  upon  their  composition  and  quality. 
For  the  details  we  must  refer  the  reader  to  Dr.  Voelcker's  own 
paper ;  but  the  following  table  gives  a  summary  of  the  results 
so  far  as  they  relate  to  the  loss  by  drainage  of  the  nitrogen  supplied 
to  the  soil  by  manure. 
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Tablb  XLY. — Oomposition  of  Draioage-water  from  Plots  dilkie&iiy  ICaimrei; 
Broadbalk  Field,  Bothamsted;  Wheat  every  Tear,  commenciiig  1844. 

Nitrogen  as  Nitrates  and  Nitrites,  per  100,000  parts  of  Water. 

Dr.  Yoelckeb's  Results. 


Datbb  of  OoLLBcnoir,  &a 


Deo.  6, 1866,  full  flow  .. 
May  21, 1867.  full  flow  .. 
Jan.  1.%  1868,  full  flow  . . 
Apr.  21, 1868,  full  flow  . . 
Dec.  29, 1868,  enormous  flow 

Means .. 


HAjmRKS  PER  acre;  per  annum. 


14  Tons 
Farmyard 

Maonre, 
every 
Tear. 


Plots. 


Witlumt 

Manure, 

every 

Year. 


Plots  S-4. 


Sulphate  of  Potaaa,  Soda,  and 

Saperphosphate  of  Lime. 


Without 

Nitrogen 

in  Manure 

since 

]661. 

Plot  ft. 


1-956 


l-2d6 


0-648 
0052 
0-667 
0085 
0-600 


1-606 


0-390 


0-878 
0-059 
0-926 
0137 
0-530 


0-506 


And  41  lbs. 
Nitrogen 

aa 

Ammonla- 

aalta. 

AndSSlba. 
Nitrogen 

aa 

Ammoniar 

■alts. 

Plots. 

Plott. 

1 

1-330 

2- 170 

0-089 

0078 

1-704 

2-811 

0189 

0-448 

0*952 

1-493 

0-853 

1-400 

AodlSSlhs 

Nl&OgCD 

AmmoD^ 


FlotSL 


AndtSl 


nsti. 


2-5^7 
0-274 
8104 
0-578 
1-874 

1-679 


O-707 
0-785 
1-1S6 
5-839 
0-659 


1-835 


The  conditions  under  which  the  results  given  in  the  abore 
(and  the  next)  Table  have  been  obtained,  should  be  further 
described  as  follows : — With  the  exception  of  Plot  9,  as  explained 
below,  each  plot  has  been  manured  as  stated  in  the  Table  every 
year,  commencing  1852.  Further,  Plot  2  received  14  tons  of 
farmyard  manure  every  year,  commencing  1843-4.  The  on- 
manured  portion  consists  of  two  lands.  Plots  3  and  4  respectively, 
the  drain  running  under  the  furrow  which  separates  them ;  Plot 
,  3  has  been  unmanured  since  the  commencement  of  the  experi- 
ments in  1843-4,  and  for  some  years  previously ;  whilst  Plot  4 
has  only  been  unmanured  since  1851 ;  for  which,  and  six  pre- 
ceding seasons,  it  received  ammoniansalts  and  superphosphate  of 
lime ;  the  effects  of  the  unexhausted  residue  from  which  are 
slightly  apparent  even  up  to  the  present  time.  Each  of  the  other 
plots  consists  of  two  lands,  the  drain  running  under  the  sepa- 
rating furrow.  For  the  crop  of  1851,  and  several  preceding 
seasons,  Plot  5  received,  besides  mineral  manure,  ammonia-salts 
in  rather  heavy  dressings,  and  also  some  rape-cake.  The  other 
plots  also  received  various  amounts  of  nitrogenous  and  mineral 
manure  in  1851,  and  previously.  Only  one  of  the  two  lands 
comprising  Plot  9  has  received  the  mineral  manure  stated  (com- 
mencing 1855)  ;  the  other  has  had  the  nitrate  alone :  the  quantity 
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of  nitrate  applied  over  the  two  lands  was  equal  to  only  71  lbs. 
nitrogen  per  acre  in  1852,  and  to  onlj  61  lbs.  in  1853  and  1854, 
but  to  82  lbs.  in  each  year  since. 

In  the  first  place  it  will  be  observed  that,  in  three  of  the 
five  occasions  on  which  all  the  other  drains  ran  freely,  no 
result  is  given  for  the  farmyard  manure  plot.  The  fact  is  that, 
whilst  the  pipe-drains  from  every  one  of  the  other  plots  in  the 
experimental  wheat-field  run  freely^  perhaps  four  or  five  or 
more  times  annually,  the  drain  from  the  dunged  plot  seldom  runs 
at  all  more  than  once  a  year,  and  in  some  seasons  not  at  all.  We 
must  refer  to  a  former  paper  *  for  some  further  particulars  relating 
to  this  very  important  result.  Stated  briefly,  it  was  found  that 
the  dunged  soil,  when  saturated,  retained,  widiin  12  inches  from 
the  surface,  an  excess  of  water  which  would  be  equivalent  to 
about  1^  inch  of  rain  more  than  that  held  to  the  same  depth  on 
the  unmanured  and  the  artificially  manured  plots  in  the  same  field. 
The  conclusion  is  obvious,  that  the  dunged  soil,  with  its  vast 
accumulation  of  organic  matter,  and  doubtless  greater  degree  of 
disintegration,  porosity,  and  power  of  absorption,  especially  near 
the  surface,  is  enabled  to  retain  much  more  water.  Hence  a 
much  greater  amount  and  continuity  of  rain  is  required  to  over- 
come its  power  of  retention,  and  to  reach  the  drains  in  its  case. 
This  result  is  one  of  very  great  interest  and  significance.  Thus, 
whether  the  porosity  of  a  clay  soil  be  increased  by  the  application 
of  manure,  by  mechanical  means,  or  by  a  combination  of  the 
two,  its  power  to  absorb  and  retain  water,  in  an  available  and  not 
injurious  state,  will  be  proportionately  increased  ;  and,  not  only 
will  the  growing  crops  be  thereby  rendered  more  independent  of 
drought,  but  the  necessity  for  artificial  drainage  will,  at  any  rate 
in  some  soils,  be  greatly  lessened. 

Not  only  does  the  drain-pipe  from  the  dunged  plot  seldom  run, 
but  it  will  be  observed  that  the  proportion  of  nitrogen  in  its 
drainage  water  is,  in  one  of  the  cases  given,  less  than  where  82  lbs. 
of  nitrogen  were  supplied  as  ammonia-salts,  and  in  the  other  less 
than  where  41  lbs.  of  nitrogen  were  so  supplied.  This  is  the 
case  though  the  dung  is  estimated  to  supply  to  the  soil  nearly,  if 
not  quite,  200  lbs.  of  nitrogen  per  acre  per  annum.  In  connection 
with  this  point  it  may  be  stated  that  analysis  of  the  soil  of  the 
dunged  plot  after  25  years  of  the  application  of  the  manure, 
showed  that  the  top  9  inches  contained  nearly  twice  as  high  a 
percentage  of  nitrogen  as  the  corresponding  layer  of  any  of  the 
artificially  manured  plots.  Yet,  not  once  during  the  29  years  of 
the  experiments  has  the  farmyard-manured  plot  yielded  as  high  a 
total  produce  (corn  and  straw  together)  as  one  or  other  of  the  plots 
manured  with   mixed  mineral    manure   and    ammonia  salts  or 


*  '  Jourual  of  the  Royal  Agricaltaral  Society  of  Ecgland/  vol.  vii.  8.s.,  Part  I., 
p.  115. 
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nitrate  of  soda.  It  is  obvious,  that  the  nitrogen  supplied  bj  the 
dung  is  retained  by  the  soil  in  a  condition  not  only  mach  less 
rapidly  available  to  growing  crops,  but  also  much  less  liable  to 
loss  by  drainage.  Still,  there  is  a  large  amount  of  the  nitrogen 
supplied  in  the  dung  not  yet  satisfactorily  accounted  for. 

The  Table  shows  that  at  each  period  of  collection  there  was  less 
nitrogen  in  the  drainage-water  from  the  plot  the  whole  of  which 
has  been  unmanured  since  1851,  and  part  for  a  number  of  years 
previously,  than  from  either  of  the  plots  artificially  manured 
during  the  same  period.  There  was,  in  every  case,  rather  more 
from  Plot  5,  which  received  mineral  manure  alone  in  1852,  and 
each  year  since;  but  mineral  manure  in  each,  with  ammonia-saIt% 
or  nitrogenous  organic  matter,  or  both,  in  7  out  of  the  8  preceding 
years.  There  was,  further,  in  each  case,  more  nitrogen  in  the  drain- 
age-water when,  to  the  mineral  manure,  ammonia-salts  =  41  lbs. 
of  nitrogen  was  added ;  with  one  slight  exception  again  more 
when  82  lbs.  were  employed ;  and  more  still  with  123  IIm.  nitrogen 
supplied. 

That  is  to  say  9  with  each  increased  supply  of  nitrogen  by  manure, 
as  ammonia-saltSj  there  was  an  increased  loss  of  nitrogen  as  nitric 
acid  in  the  drainage-water. 

It  must  be  borne  in  mind  that,  in  the  experiments  on  wheat 
here  referred  to,  the  ammonia-salts  were  always  sown  broadcast 
in  the  autumn,  and  ploughed  or  harrowed  in  before  sowing  the 
seed  ;  and  it  is  seen  that  the  amount  of  nitrogen  as  nitric  acid  in 
the  drainage-water  is  much  greater  on  the  three  occasions  of  winter 
collection,  that  is,  soon  after  the  manures  were  sown,  and  when 
there  was  no  growth,  than  on  either  of  the  two  occasions  of 
spring  collection,  that  is,  after  the  washing  out  by  the  winter 
rains,  and  when  active  growth  had  set  in. 

The  nitrate  of  soda  is,  however,  always  sown  as  a  top-dressing 
about  the  middle  of  March.  Accordingly,  there  was,  in  each 
case  of  winter  collection,  much  less  nitrogen  as  nitric  acid  in  the 
drainage  from  the  nitrated  plot  (9),  than  in  that  from  Plot  7, 
which  received  the  same  amount  of  nitrogen  as  ammonia-salts 
applied  in  the  autumn.  On  the  other  hand,  in  both  cases  of  spring 
collectipn — that  is,  after  the  sowing  of  the  nitrate — ^the  amount  c^ 
nitrogen  as  nitric  acid  was  much  greater  in  the  drainage  from  the 
nitrated  plot,  than  in  that  from  the  plot  which  had  received 
the  same  amount  of  nitrogen  as  ammonia-salts  in  the  autumn. 
In  one  case,  indeed,  April  21,  1868,  the  nitrate  having  been 
applied  on  March  18,  the  quantity  of  nitrogen  as  nitric  acid  in 
the  drainage  from  the  nitrated  plot  amounted  to  5'83  parts  per 
100,000  parts  of  water.  Assuming  (which,  however,  was  pro- 
bably not  the  case)  that  an  inch  of  rain  passed  as  drainage  of 
that  strength,  this  would  represent  a  loss  of  about  13  lbs.  of  nitro- 
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gen  per  acre!  On  this  point  it  may  be  stated  that  for  every 
incli  of  rain  carrying  with  it  into  the  drains,  or  below  the  reach 
of  the  roots,  1  part  of  nitrogen  per  100,000  parts  of  water,  there 
will  be  a  loss  of  2^  (2'26)  lbs.  of  nitrogen  of  manure  per  acre.  If 
this  fact  be  clearly  fixed  upon  the  mind,  its  great  practical  im* 
portance  cannot  fail  to  be  recognised. 

Since  this  Section  was  in  type,  we  have  been  favoured  by 
Professor  Frankland  with  numerous  results  of  analysis  of  drain- 
age-water from  the  differently  manured  plots  in  the  experimental 
field  at  Rothamsted,  samples  of  which  had,  at  his  request,  been 
supplied  to  him  for  investigation.  He  has  also  been  good  enough 
to  give  us  permission  to  publish  some  of  the  results  obtained 
relating  to  the  amount  of  nitrogen  in  the  waters  in  the  form  of 
nitrates  and  nitrites.  Accordingly,  we  have,  with  his  approval, 
selected  for  illustration  those  relating  to  the  same  plots  as  in  the 
oase  of  Dr.  Voelcker's  analyses,  and  those  relating  to  six  different 
periods  of  collection  are  taken. 

When  considered  in  detail — with  due  regard  to  the  supply  of 
manure,  to  the  previous  rainfall,  to  the  period  of  collection,  to 

iBiiS  XLYI. — Composition  of  Drainage-water  from  Plots  differently  Manured ; 
Broadbalk  Field,  Bothamsted ;  Wheat  every  Tear,  commenciDg  1844. 

Nitrogen  as  Nitrates  and  Nitrites,  per  100,000  parts  of  Water. 

Professor  Fbankland's  Results. 


Dates  or  GoujBcnoK,  te. 


MANURES  PER  ACRE,  PER  ANNUM. 


« 

UTona 
Farmyard 

Haoure, 
every 
Year. 

Plot  2. 

Without 

JAanare, 

every 

Year. 

Ploto  3, 4. 

Snip] 

Without 
Nitrogen 

IQ 

Manure   i 
iduce 
18S1. 
Plot  5. 

Sulphates  of  Potass,  Soda,  and  Magoeda, 
Superphosphate  of  Lime. 


and 


And 

41  lbs. 

Nitrogen 

as 
Ammonia- 
salts 
Plot  6. 


And 

82  lbs. 

Nitrogen 

as 
Ammonia- 
salts. 
Plot?. 


And 

123  lbs. 

Nitrogen 

Ammonia-' 
salts.     I 
Plots. 


in.  5,  1872,  moderate  flow 
lay  18,  1872,  moderate  flow 
Bne  II,  1872,  small  flow 
et.  26,  1872,  moderate  flow 
m.  19,  1873,  moderate  flow 
eb.  26,  1873,  small  flow 


2*592 

1-312 

1-418 

2  -  777 

4*744 

7*841 

0031 

0-071 

0-051 

0059 

0-094 

0 

0 

0 

0 

C) 

0  932 

0'866 

0-360 

1-354 

2-303 

1*808 

0*084 

0-057 

0-157 

0*454 

1*294 

1*522 

0  082 

0-131 

0-088 

0-122 

0-461 

0*441 

And 

»2  1bi». 

NitrugrD 

as 

Ni.rate 

Soda. 

Plot  9. 


2*311 
1*647 

0-975 

C) 

0*264 


'})  In  iheae  cases  the  drains  did  not  ran  -,  and  as  there  was  little  or  no  loss  of  nitrogen  fh>m 
«e  that  did,  it  is  assamed  that  there  was  little  or  none  in  these,  and  hence,  for  fair  comparison, 
i  means  are — for  Plots  3-4,  6,  6,  7,  and  8,  t^en  as  for  6  eiperiments.  For  Plot  2,  however, 
J  are  only  taken  for  4,  and  for  Plot  9  for  5,  experiments. 

7)  On  January  19, 1873,  the  drain  from  Plot  9  ran  a  little,  bat  had  ceased  to  do  so  when  the 
nples  were  collected. 
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the  growth  of  the  crop,  and  to  the  rate  of  flow — these  results  of 
Dr.  Frankland's  not  only  strikingly  confirm  the  conclusions  drawn 
from  those  of  Dr.  Voelcker,  but  they  afford  additional  points  of 
interest.  Thus,  there  is  not  only  an  obvious  gradation  in  the 
amount  of  nitrogen,  as  nitrates  and  nitrites,  comparing  plot  with 
plot,  according  to  the  amount  of  nitrogen  supplied  in  the  manure, 
but,  dependent  on  the  conditions  above  enumerated,  there  are 
both  higher  and  lower  amounts  than  in  any  of  the  cases  investi- 
gated by  Dr.  Voelcker. 

In  the  autumn  of  1871  the  farmyard-manure  plot  received  its 
dressing  on  October  22nd,  and  the  mineral  manures  and  ammonia- 
salts  were  applied  on  October  18  and  22.  During  November,  and 
the  first  half  of  December,  there  was  much  .less  than  the  usual 
amount  of  rain ;  about  the  20th  of  December  there  was  a  fall  of 
rather  more  than  half  an  inch,  and  from  that  time  to  the  end 
of  the  month  there  was  more  or  less  rain  almost  every  day; 
giving,  however,  a  total  for  the  month  of  considerably  less  than 
the  average.  Still,  the  soil  had  gradually  acquired  a  good  deal 
of  moisture  ;  and,  on  December  30th,  a  few  of  the  drains  in  the 
experimental  wheat- field  ran  a  little.  There  was  a  little  rain 
registered  on  January  1,  2,  and  3,  1872,  more  than  one-quarter 
of  an  inch  on  January  4th,  more  than  half  an  inch  on  January  5th, 
and  again  more  than  half  an  inch  on  J anuary  6th.  On  J  anuary  4th 
a  few  of  the  drains  ran,  and  on  both  the  5th  and  6th  the  whole 
of  them.  The  results  given  in  the  first  line  of  the  Table  (XLVL; 
relate  to  samples  collected  on  January  5th,  which  was  the  first 
occasion  on  which  all  the  drains  ran  since  the  application  of  the 
manures  in  October. 

The  drainage  from  the  Plots  3-4,  both  of  which  have  been 
entirely  unmanured  since  1851,  and  one  for  some  years  pre- 
viously, shows  the  lowest  proportion  of  nitrogen  as  nitrates; 
that  from  Plot  5,  which  had  received  mineriJ  manure  alone 
in  1852,  and  each  year  since,  but  mineral  manure  and  ammonia- 
salts  for  several  years  previously,  contained  rather  more ; 
that  from  Plot  6,  with  ammonia-salts  equal  41  lbs.  nitrogen 
per  acre  per  annum,  much  more ;  that  from  Plot  7,  with  am- 
monia-salts equal  82  lbs.  nitrogen  per  acre  per  annum,  again 
much  more ;  and  that  from  Plot  8,  receiving  123  lbs.  nitrogen 
per  acre  per  annum,  very  much  more  still — in  fact,  more  than 
in  any  other  case  examined  by  either  Dr.  Frankland  or  Dr. 
Voelcker,  and  an  amount  corresponding  to  a  loss  of  17|  lbs.  of 
nitrogen  per  acre,  provided  that  an  inch  of  rain  passed  away  as 
drainage  of  that  strength.  The  drainage  from  the  nitrated  plot, 
on  the  other  hand,  which  had  not  received  any  nitrate  since  the 
previous  spring,  showed  less  loss  of  nitrogen  than  Plot  6,  which 
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receives  only  half  the  quantity  of  nitrogen  annually,  but  in  the 
form  of  ammonia-salts,  which  had  been  applied  in  the  autumn. 

During  the  rest  of  January  (1872)  some  of  the  drains  ran  very 
frequently,  and  nearly  all  of  them  more  than  once;  in  Marcb^ 
again,  many  of  them  ran  twice,  and  on  May  18th  there  was  a 
discharge  from  all  excepting  that  from  the  dunged  plot  In 
fact,  in  January  there  was  a  great  excess  of  rain ;  in  February  a 
fair  amount ;  in  March  considerably  more  than  the  average ;  in 
April  nearly  the  average;  and  in  May  a  considerable  excess. 
Up  to  the  middle  of  May,  therefore,  the  soil  had  been  subjected 
to  an  unusual  washing  out;  whilst  growth  would  then  have 
advanced  considerably,  and  the  roots  would  have  established 
command  over  the  soluble  matters  within  the  soil.  The  result 
is,  that  the  amount  of  nitrogen  in  the  drainage  at  that  date 
was  extremely  small  in  all  the  cases  of  autumn  manuring  by 
ammonia-salts ;  but  it  was  very  much  greater  where  the  nitrate 
had  been  applied  on  March  7th.  It  is  true  that  the  actual  amount 
of  nitrogen  as  nitrates  and  nitrites  in  a  given  quantity  of  the 
drainage  from  the  nitrated  plot  was  less  in  May,  after  the  sowing 
of  the  manure  in  March,  than  it  was  in  January,  when  no  nitrate 
had  been  sown,  and  a  crop  had  been  grown  since  the  application 
of  the  manure  in  the  previous  March  ;  but  in  Mky  the  quantity 
in  the  drainage  from  the  nitrated  plot  was  very  many  times 
greater  than  in  that  from  either  of  the  plots  which  had  been 
manured  with  ammonia-salts,  whilst  in  January  it  was  less. 

After  the  collection  on  May  18ih,  there  was  about  one- third  of 
an  inch  of  rain  before  the  end  of  the  month,  bringing  up  the  total 
to  notably  more  than  the  average.  In  June,  again,  there  was 
an  excess  of  rain,  more  especially  during  the  first  third  of  the 
month ;  on  June  9th  a  few  of  the  drains  ran,  and  on  June  11th  most 
of  them,  though  only  slowly.  Samples  of  the  drainage  from 
eight  of  the  plots  were  sent  to  Dr.  Frankland  ;  and  although  in 
three  of  them  a  very  small  amount  of  nitrogen  as  nitrates  and 
nitrites  was  found,  the  Table  shows  that  there  was  none  whatever 
in  that  from  either  of  the  plots  to  which  the  results  there  given 
refer.  This  is  a  very  interesting  fact;  and  it  is  doubtless 
accounted  for,  in  part  by  the  previous  washing  out  of  the  soil, 
and  in  part  by  the  extent  to  which  the  growing  crop  would,  by 
the  middle  of  June,  have  availed  itself  of  assimilable  nitrogen 
within  the  soil. 

It  only  remains  to  add,  in  reference  to  the  season  thus  far 
referred  to,  that,  after  such  considerable  loss  by  drainage  during 
the  winter,  the  crops  in  the  experimental  wheat-field  which  had 
been  manured  with  mineral  manure  and  ammonia-salts,  applied 
in  the  autumn,  were  considerably  below  the  average  obtained 
under  corresponding  conditions  in  other  years,  whilst  the  produce 
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by  mineral  manure  and  nitrate  of  soda — the  latter  not  applied 
until  the  spring — was  considerably  above  the  avemge. 

From  June  11th  until  October  25th  none  of  the  drains  ran ;  bat 
there  was  a  flow  from  most  of  them  on  the  25th,  26th,  and  27th 
of  the  latter  month ;  and,  as  the  Table  shows,  samples  of  the 
drainage  of  October  26th  were  collected  and  analysed.  The  dang 
had  been  put  upon  its  plot  on  October  14th ;  the  mineral  manures 
and  the  ammonia-salts  were  sown  on  October  16th  and  17th.  There 
was  more  or  less  rain  registered  each  day  afterwards,  until,  on 
the  24th  there  was  about  one-third  of  an  inch,  on  the  25th  more 
than  half  an  inch,  and  on  the  26th  nearly  nine-tenths  of  an  inch. 
These  heavy  rains  had  come  on  when  the  land  was  only  partly 
ploughed,  only  one  or  two  plots  being  finished,  and  some 
scarcely  touched.  At  the  time  of  the  collection  of  the  drainage, 
therefore  (October  26th),  scarcely  two  plots  were  in  the  same  con- 
dition as  to  the  working  of  the  land,  so  that  some  irregularities 
in  the  relative  composition  of  the  waters  would  be  expected. 
There  was  still,  in  the  main,  a  gradation  in  the  amount  of  nitro- 
gen as  nitrates  in  the  drainage-water,  according  to  the  amount  of 
ammonia-salts  applied ;  but  the  quantities  were,  throughout,  com- 
paratively low  for  winter-drainage  collected  soon  after  the  sowing 
of  the  manure.  This  was  probably  in  part  due  to  the  soil  not 
having  been  completely  broken  up,  and  the  manures,  therefore, 
not  being  thoroughly  distributed,  but  partly  also  to  washing  out, 
or  dilution,  for  many  hours  before  the  samples  were  collected. 

Some  of  the  drains  ran,  more  or  less,  eight  times  daring 
November,  and  most  of  them  two  or  three  times.  In  December, 
again,  most  ran  six,  and  some  seven  times,  completing  a  year  of 
much  more  frequent  running  than  any  since  the  observation  of 
them  commenced  in  1866. 

On  January  2,  4,  and  5,  1873,  the  drains  from  all  excepting 
the  dunged  plot,  and  on  January  3rd,  lOdi,  and  19th,  from  all,  with- 
out exception,  ran.  On  January  3rd  there  was  a  veiy  full,  bat  at 
each  of  the  five  other  dates  only  a  moderate,  flow.  On  January  19th 
samples  were  collected  from  all  the  plots  excepting  No.  9,  the 
flow  from  which  had  stopped  when  the  collection  was  made. 
Since  the  collection  on  October  26,  1872,  there  had  been  about 
5  inches  more  than  the  average  fall  of  rain ;  some  of  the  drains 
had  run  more  than  twenty,  and  most  sixteen  or  seventeen,  times  ; 
whilst,  even  since  the  beginning  of  the  month,  all  but  the  dunged 
plot  had  previously  run  five  times.  Accordingly,  after  so  much 
washing  out  of  the  soil,  the  amount  of  nitrogen  as  nitrates  and 
nitrites  was  comparatively  small  for  winter-drainage ;  but  there 
was  very  obvious  gradation  in  the  amount  according  to  the 
quantity  of  ammonia-salts  which  had  been  applied. 

Between  January  19th  and  February  26th  there  were  frequent, 
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but  not  heavy  rains  (pr  snow-£etlls),  but  at  the  latter  date  about 
two-thirds  of  an  inch  of  melted  snow  and  rain  were  registered, 
all  the  drains  ran,  and  samples  were  collected  and  sent  to 
Dr.  Frankland.  After  such  an  unusual  washing  out  of  the  soil 
since  the  sowing  of  the  manures  in  October,  the  drainage  of 
February  26th  is  seen  to  contain,  for  that  period  of  the  year,  a 
yery  small  amount  of  nitrogen  as  nitrates  and  nitritesw  There 
is  still  something  like  gradation  according  to  the  amount  of 
nitrogen  supplied  in  the  manure;  and,  as  would  be  expected, 
there  is  less  in  the  drainage  from  the  nitrated  plot  than  in  that 
firom  Plot  7,  which  receives  the  same  amount  of  nitrogen  annuaUy, 
but  applied  as  ammonia-salts  in  the  autumn. 

In  connection  with  the  very  unusually  large  amount  of  water 
passing  from  the  land  by  drainage  during  the  past  winter, 
1872-73,  it  is  of  much  interest  to  remark  that,  whilst  at  the 
present  time  (June  1873)  the  plots  in  the  experimental  wheat- 
field  which  received  their  dressing  of  ammonia-salts  in  October, 
are  looking  very  much  worse  than  usual,  in  fact,  extremely 
unpromising,  others,  which  were  top-dressed  with  ammonia-salts 
or  nitrate  of  soda  in  March,  show  much  greater  luxuriance. 

With  regard  to  the  dunged  plot  (2),  it  has  been  explained 
(p.  139),  that,  owing  to  the  greatly  increased  porosity  of  the  soil 
by  ihe  application  of  farmyard  manure  so  many  years  in  suc- 
cession, the  drains  from  it  very  seldom  run.  It  happens,  there- 
fore, that  they  do  so  only  when  there  is  a  very  great  excels  of 
rain ;  and,  when  there  is  such  excess,  a  surface-drain,  which  first 
crosses  the  furrows  of  all  the  other  plots,  then  crossed  that  of  the 
dung,  and  passed  not  many  yards  from  the  outfall  of  that  plot, 
has  generally  been  running,  so  that  there'  has  sometimes  been 
doubt  whether  the  drainage  from  the  dunged  plot  were  not  more 
or  less  affected  by  the  percolation  of  this  surface-water.  Other 
cross-surfaice  drains  have,  however,  from  time  to  time,  been  cut, 
to  obviate  this  as  far  as  possible ;  and  it  is  believed  that,  at  any 
rate  during  the  past  winter,  there  has  been  no  danger  of  such 
percolation.'  Moreover,  the  results  relating  to  Plot  2,  recorded 
in  the  Table,  though  so  different  at  the  four  periods  of  collection, 
are  so  far  consistent  with  each  other  that,  in  each  case,  the 
drainage-water  contains  somewhat  less  nitrogen  as  nitrates  and 
nitrites  than  that  collected  at  the  corresponding  date  from  Plot  6, 
which  received  only  41  lbs.  of  nitrogen  per  acre  per  annum,  but 
in  the  form  of  ammonia-salts ;  whilst,  as  already  stated  (p.  139), 
the  dung  is  estimated  to  supply  nearly,  if  not  quite,  200  lbs. 
of  nitrogen  per  acre  per  annum.  But  there  has  been  a  great 
accumulation  of  the  nitrogen  supplied  by  manure  in  the  soil  of 
the  dunged  plot,  especially  near  the  surface,  and  very  much 
more  than  in  that  of  the  plots  manured  with  ammonia-salts  or 

N  2 


146        Report  of  Experiments  en  the  Growth  of  Barley^ 

nitrate  of  soda.  It  is  further  worthy  of  remark,  that  there  is  a 
general  consistency  between  these  results  relating  to  the  drainage 
from  the  dunged  plot,  and  those  obtained  by  Dr.  Voelcker ;  for, 
in  one  case  examined  by  him,  the  amount  of  nitrogen  as  nitrates, 
&c.,  also  ranged  somewhat  below  that  in  the  drainage  from 
Plot  6,  and  in  the  other  not  much  above  it 

In  regard  to  wheat,  therefore,  it  has  been  experimentally 
established,  that,  even  when  a  comparatively  moderate  amount  of 
ammonia-salts  was  applied  as  manure,  only  about  one-third  of  the 
nitrogen  so  supplied  was  recovered  in  the  increase  of  the  crop ; 
that  the  unexhausted  residue,  if  any,,  was  but  very  slowly,  and 
very  partially  recovered  as  increased  yield  in  succeeding  y€»ars  ; 
that,  nevertheless,  there  was  an  accumulation  within  the  soil 
itself,  of  some  of  the  nitrogen  not  at  first  recovered  in  increase  ; 
but  that  there  was  a  loss  by  drainage  which  increased  almost  in 
proportion  to  the  amount  of  nitrogen  supplied  in  the  manure. 

The  question  arises — whether  the  whole  of  the  supplied  nitrogen 
which  is  not  recovered  in  the  crop  either  remains  in  the  soil,  or 
is  lost  by  drainage  ? 

Owing  to  the  difficulty  of  determining  with  certainty,  either 
the  total  amount  of  nitrogen  retained  by  the  soil  within  the 
reach  of  the  roots,  the  proportion  of  the  total  rain  passing  beyond 
their  reach,  or  the  average  composition  of  the  drainage,  absolute 
proof  on  this  point  is  not  at  command.  The  following  illus- 
tration will  nevertheless  be  useful. 

Of  the  total  nitrogen  supplied  to  the  wheat  plot  No.  *7, 
during  the  20  years,  1852-1871,  it  may  be  assumed  that  about 
33  per  cent  was  recovered  in  the  increase  of  crop,  leaving  67  per 
cent,  to  be  otherwise  accounted  for.  The  determinations  of 
nitrogen  made  in  the  samples  of  soil  collected  in  1865  are  ob- 
viously not  strictly  applicable  to  the  present  calculation ;  but  from 
them  it  may  perhaps  be  concluded  that  approximately  one>third, 
or  possibly  more,  of  the  nitrogen  not  recovered  in  die  increase 
of  crop,  remains  accumulated  within  the  soil  to  the  depth  of 
the  27  inches  examined.  This  would  leave  say  44  per  cent  of  the 
82  lbs.  of  nitrogen  annually  applied  as  manure,  or,  in  other  words, 
an  average  of  36  lbs.  of  nitrogen,  to  be  annually  accounted  for  by 
drainage  or  otherwise.  Now,  there  can  be  no  doubt  that  by  far 
the  larger  proportion,  though  not  the  whole,  of  the  drainage  takes 
place  during  the  autumn  and  winter  months;  and  taking  the 
mean  of  Dr.  Voelcker's  thr^e  determinations  of  nitric-acid  in  the 
winter  drainage  from  this  plot,  the  amount  of  nitrogen  so  found  in 
it  is  2*16  parts  for  100,000  of  water.  As  1  inch  of  rain  is  equal 
to  a  fall  of  226,263  lbs.  (about  101  tons)  of  water  per  acre,  every 
inch  passing  as  drainage  beyond  the  reach  of  the  roots,  and  con- 
taining 1  part  of  nitrogen  per  100,000,  would  carry  with  it  2^ 
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(2'26)  lbs.  of  nitrogen  per  acre ;  and  2*16  parts  per  100,000 
would  represent  a  loss  of  nearly  5  (4*88)  lbs.  per  acre  for  each 
inch  of  rain  so  passing.  At  this  rate  it  would  require  little  more 
than  7  (7*38)  inches  of  rain  to  pass  beyond  the  reach  of  the 
roots  to  account  for  the  whole  loss  of  nitrogen  observed  in  the 
case  of  the  wheat  plot  No.  7. 

We  have  said  that  the  actual  amount  of  drainage  is  unknown  ; 
and  since,  in  the  case  of  the  land  in  question,  the  subsoil  of  clay 
rests  upon  chalk  at  from  6  to  10  feet  from  the  surface,  and  there 
is,  therefore,  natural  drainage  constantly  going  on,  no  gauging 
of  the  flow  of  the  pipes,  however  exact,  would  indicate  die  total 
amount  of  water  passing.  Other  experiments  at  Rothamsted 
have,  however,  proved,  diat  from  one-third  to  one-half  of  the 
annual  rain  may  pass  below  40  inches.  Supposing  only  one- 
third  of  the  total  fall  so  to  pass,  an  average  of  from  8  to  9  inches 
of  rain  would  annually  drain  away,  by  &r  the  greater  proportion 
of  which  would  go  off  during  the  autumn  and  winter  months. 

The  quantity  and  composition  of  the  drainage-water  here  sup- 
posed would  obviously  be  sufficient  to  account  for  more  than  the 
whole  of  the  loss  of  nitrogen  from  Plot  7  as  above  indicated. 
On  the  one  hand,  however,  some  allowance  in  the  way  of  de- 
duction must  be  made  for  the  amount  of  nitrogen  as  nitrates  and 
nitrites  in  the  drainage,  due  to  accumulations  within  the  soil  prior 
to  the  period  included  within  the  estimate,  or  to  other  normal 
annual  sources;  but  whether,  with  the  large  annual  supply  of 
nitrogen  by  manure,  and  the  much  more  active  root  development, 
in  the  case  of  Plot  7,  the  amount  of  nitrogen  in  the  drainage- 
water  from  that  plot,  due  to  sources  other  than  the  annual  direct 
supply  of  nitrogenous  manure,  would  be  as  much  as  that  indi- 
cated in  the  drainage  from  either  plots  3,  4,  or  5,  may  be  a 
question.  On  the  odier  hand,  the  proportion  of  the  drainage  to 
the  rain*fall,  in  the  case  of  the  soil  in  question,  would  probably 
average  more  than  one-third,  which  amount  only  is  assumed  in 
the  above  estimate. 

Although  the  selection  of  samples  sent  to  Dr.  Frankland  was 
very  fortunate,  so  far  as  the  illustration  of  the  wide  difference  in 
the  composition  of  the  drainage  from  the  same  plot  at  different 
times  is  concerned,  his  results  are,  on  that  account,  the  less 
directly  available  as  a  means  of  forming  a  judgment  of  the  pro- 
bable average  composition  of  the  drainage  throughout  any  par- 
ticular season  of  the  year.  To  this  end  it  would  be  desirable  to 
have  had  results  relating  to  the  period  between  January  5  and 
May  18,  1872;  and  again  to  that  between  October  26,  1872, 
and  January  19,  1873.  Still,  taking  Dr.  Frankland's  results  as 
they  stand,  the  mean  proportion  of  nitrogen  as  nitrates  and 
nitrites  in  the  samples  of  drainage  from  Plot  7,  collected  on 
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January  5  and  October  26,  1872,  and  on  January  19  and 
February  26,  1873,  is  higher  than  that  in  the  winter  drainage 
from  the  same  plot  examined  by  Dr.  Voelcker,  and  adopted  in 
the  illustrations  above  given. 

It  should  be  added  that,  even  the  drainage  from  the  plots 
manured  exclusively  with  mineral  manure  and  ammonia-salts  or 
nitrate  of  soda  would  appear,  according  to  Dr.  Frankland's 
analyses,  to  contain  nitrogen  as  ammonia  and  organic  nitrogen, 
in  amount  averaging  about  4  or  5  per  cent  as  much  as  that 
found  as  nitrates  and  nitrites,  and  by  so  much,  therefore^  in- 
creasing the  loss  of  combined  nitrogen  by  drainage,  beyond  that 
indicated  by  the  quantity  of  nitrates  and  nitrites  alone.  In  the 
drainage  from  the  dunged  plot,  however,  the  amount  of  ammonia 
and  organic  nitrogen  is,  both  actually,  and  relatively  to  the  quan- 
tity as  nitrates  and  nitrites,  much  more  than  in  that  from  the 
artificially  manured  plota^ 

From  the  foregoing  considerations  it  seems  extremely  probable 
that  the  whole  of  the  nitrogen  applied  to  the  wheat  as  ammonia- 
salts  or  nitrate  of  soda,  was  either  recovered  in  the  increase  of 
the  crop,  accumulated  within  the  soil,  or  lost  by  drainage. 

As  the  experimental  barley-field  is  not  artificially  drained, 
we  are  unable  to  illustrate  the  point  in  the  same  manner  in 
regard  to  the  barley  as  to  the  wheat  crop.  It  has,  however, 
been  conclusively  shown  that,  in  the  case  of  the  barley,  a  greater 
amount  of  increase  is  obtained  for  a  given  quantity  of  nitrogen  in 
manure  than  in  that  of  the  wheat ;  and  that  a  larger  proportion 
of  the  nitrogen  supplied  is  recovered  in  the  increase  of  produce 
within  a  given  time.     How  are  these  facts  to  be  explained  ? 

From  the  &cts  adduced,  it  is  clear  that  a  material  loss  of 
nitrogen  takes  place  by  drainage  in  the  winter,  when  ammonia- 
salts  are  applied  in  the  autumn  for  the  wheat  crop ;  and  since 
the  manures  for  the  barley  are  not  sown  until  the  spring,  all  loss 
of  the  freshly-supplied  nitrogen  by  winter  rains  is  avoided. 
Further,  not  only  would  there  be  comparatively  little  drainage 
after  the  spring  sowing,  but  growth  being 'at  once  established,  ^ 
nitrogen,  whether  applied  in  the  form  of  ammonia  or  of  nitrate, 
would  be  rapidly  taken  up.  The  analyses  of  the  drainage  from 
the  wheatrfield  show  that  the  water  collected  during  the  spring 
contained,  compared  with  that  of  the  winter,  very  little  nitrogen. 
This  is  probably  partly  accounted  for  by  the  previous  washing 
out  of  the  soil  in  the  winter,  but  it  is  doubtless  also  in  a  great 
measure  due  to  the  action  of  the  growing  crop.  It  is  only  what 
would  be  expected,  therefore,  that  a  given  quantity  of  amm<Miia- 
salts  applied  for  barley  in  the  spring,  should  yield  a  much  better 
result  than  an  equal  amount  applied  for  wheat  in  the  autumn. 

Even  in  the  wheat  experiments,  nitrate  of  soda  has  always 
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been  applied  in  the  spring  ;  but  as,  unfortunately,  the  same  quan- 
tities have  not  been  applied  for  the  two  crops,  no  exact  com- 
parison can  be  drawn  between  the  results  they  respectively  yield. 
Still,  the  evidence  undoubtedly  indicates  that  more  increase  has 
been  obtained  for  a  given  amount  of  nitrate  when  applied  to  barley 
than  to  wheat.  In  this  case,  therefore,  loss  by  winter  drainage 
cannot  account  for  the  comparatively  defective  result  with  the 
latter  crop.  Part  of  it  is  probably  due  to  the  fact  that  the  quan- 
tity which  has  been  applied  for  wheat  (550  lbs.  per  acre)  is  a  heavy 
spring  dressing ;  and,  owing  to  the  great  solubility  of  the  nitrate, 
and  the  little  power  of  retaining  it  which  the  soil  possesses,  there 
would  be  a  greater  loss  by  spring  and  summer  drainage  the 
greater  the  quantity  applied.  In  confirmation  of  this  view.  Dr. 
Voelcker  s  analysis  of  the  drainage  from  the  nitrated  plot  after 
the  manure  had  recently  been  sown,  showed  twice  as  much 
nitrogen  as  he  found  in  any  case  of  winter  drainage  from  plots 
receiving  the  same  amount  of  nitrogen  as  ammonia-salts.  In 
many  seatons  too,  the  crop  is  too  heavy  and  laid.  For  barley, 
on  the  other  hand,  only  half  the  amount  of  nitrate  is  used  ;  and, 
consequently,  there  will  probably  be  not  only  less  loss  of  manure 
by  drainage,  but  less  loss  of  crop  by  laying. 

With  regard  to  the  supposition  that  there  was  probably  a  less 
proportional  loss  of  nitrogen  by  drainage  from  the  nitrate  when 
applied  for  the  barley  than  for  the  wheat,  it  should  further  be  borne 
in  mind,  that  although  the  manure  is  for  both  crops  sown  in  the. 
spring,  yet  it  is  in  the  one  case  on  land  in  a  close  and  consolidated 
condition,  and  in  the  other  on  soil  rendered  as  light  and  open  as 
possible  by  recent  working,  and  hence  offering  a  greater  surface 
for  absorption  and  retention  of  the  manure.  There  is  probably 
also  a  more  active  root-development  in  the  upper  layers  of  the 
soil  in  case  of  the  barley  than  in  that  of  the  wheat 

Whether  or  not  the  above  suppositions  afford  an  adequate 
explanation  of  the  difference  of  result  with  the  nitrate  when 
applied  to  both  crops  in  the  spring,  the  difference  in  the  case 
of  the  ammonia-salts  applied  for  the  wheat  in  the  autumn,  and 
for  the  barley  in  the  spring,  is  at  any  rate  much  more  conclu- 
sively accounted  for.  But  diere  is  another  circumstance  in  con- 
nection with  the  point  that  should  not  be  overlooked. 

The  proportion  of  the  nitrogen  of  the  ammonia-salts  which  is 
recovered  in  the  increase  of  produce  being  much  greater  in  the 
case  of  the  barley  experiments  than  in  those  with  wheat,  there 
remains,  of  course,  much  less  to  be  accounted  for  by  accumula- 
tion in  the  soil,  and  by  drainage.  There  is  pretty  certainly  much 
less  loss  by  drainage.  And,  so  far  as  the  few  determinations  of 
nitrogen  that  have  yet  been  made  in  the  soils  of  the  barley  plots 
enable  us  to  judge,  it  would  seem  probable  that  there  is  less 
accumulation  in  die  soil  also,  especially  in  the  lower  layers.     If 


150        Report  of  Experiments  on  t/ie  Growth  of  Barley^ 

this  be  really  so,  the  explanation  is  that,  as  the  application  of 
the  ammonia-salts  for  the  barley  is  made  with  the  soil  in  a  more 
porous  condition,  when  there  is  less  risk  of  saturation  by  water, 
therefore  less  risk  of  washing  out,  and  when  growth  almost  im- 
mediately succeeds,  the  wide  distribution  of  the  ammonia  (or  of 
the  nitrate  resuUing  from  its  oxidation)  is  materially  checked  ; 
whilst  the  residue  thus  remaining  near  the  surface  will  be  the  more 
easily  available  to  the  abundant  surface  rootlets  of  succeeding 
barley  crops.  In  this  there  would  obviously  be  an  element  in 
the  explanation  of  the  greater  effect  upon  succeeding  crops,  of 
the  nitrogen  of  manure  not  recovered  in  the  immediate  increase, 
when  it  was  applied  in  the  spring  for  barley  than  when  in  die 
autumn  for  wheat 

The  long  continued  effect  from  previous  applications  of 
nitrate  of  soda  must  obviously  be  explained  in  a  very  different 
way.  As  already  referred  to,  a  given  surface  of  soil  has  much 
less  power  to  retain  either  nitrate  of  soda,  or  other  nitrates,  than 
ammonia.  Consequently,  the  nitrogen  of  the  nitrate  distributes 
much  more  rapidly,  and  widely,  through  the  soil  and  subsoil, 
and,  so  far,  is  more  liable  to  loss  by  drainage.  On  the  other 
hand  it  has  been  explained  (p.  56)  that  the  effect  of  the  nitrate, 
or  its  products  of  decomposition,  is  to  cause  the  disintegration 
of  the  clay  subsoil,  and  so  to  increase  its  porosity,  and,  there- 
fore, its  surface  for  the  absorption  and  retention  both  of 
moisture  and  of  manurial  matters,  and  also  its  permeability  to 
the  roots.  Hence,  although  a  given  surface  of  the  clay  subsoil 
will  retain  much  less  nitrogen  as  nitric  acid  than  as  ammonia, 
the  surface  itself  being  much  increased,  the  defective  power  of 
retention  of  a  given  surface  will,  in  so  far,  be  compensated. 
Accordingly,  it  has  been  seen  that  the  barley  crop  was  mnch 
more  independent  of  drought  on  the  nitrated  plots  than  on 
those  manured  with  a  corresponding  quantity  of  nitrogen  as 
ammonia-salts ;  and  not  only  so,  for  there  would  appear  to  be 
a  retention  of  nitrates  by  the  subsoil,  beyond  that  which  wonld 
be  anticipated  considering  their  solubility ;  a  result  which  is 
most  probably  due  to  the  same  increase  of  disintegration,  poro- 
sity, and  surface,  as  is  assumed  to  account  for  the  increased  reten- 
tion of  moisture  in  the  first  instance,  and  subsequmt  extended 
development  of  root,  and  yielding  up  of  water  to  tne  plant. 

At  any  rate,  whatever  may  be  the  exact  explanation  in  either 
case,  the  facts  are  undoubted — that  there  was  a  considerable  effect 
on  succeeding  barley  crops  from  previous  applications  of  nitrogen, 
both  as  ammonia-salts  and  as  nitrate  of  soda;  and  that  mach 
greater  effects,  due  to  the  residue  of  the  supplied  nitrogen,  were 
observed  when  ammonia-salts  were  applied  for  barley  in  the 
spring,  than  when  for  wheat  in  the  autumn. 
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To  the  foregoing  illustrations  of  the  effects  of  the  unexhausted 
residue  from  previously  supplied  nitrogen,  must  be  added  some 
evidence  as  to  the  effects  on  succeeding  crops  of  previously  sup- 
plied mineral  manures,  or  ash-constituents.  The  experiments 
on  barley  do  not  furnish  absolutely  unexceptionable  comparative 
evidence  on  the  point ;  though  there  can  be  little  doubt  that  the 
superphosphate  and  sulphate  of  potass  applied  in  the  first  year, 
1852,  on  Plots  1  N  and  2  N,  have  materially  increased  the  eflfects 
of  the  nitrate  of  soda  afterwards  annually  applied  up  to  the 
present  time.  The  experiments  on  wheat  do,  however,  afford 
very  conclusive  evidence  on  the  subject,  and  as  we  are  now  able 
to  give  the  results  of  eight  more  seasons  than  when  writing  on 
the  question  in  1864,  we  append  the  following  Table  (pp. 
152—3)  relating  to  that  crop. 

For  the  crop  of  1844,  both  plots,  10a  and  lOi,  received  a 
mineral  manure,  consisting  of  silicate  of  potass  and  superphos- 
phate of  lime.  Every  year  since,  10a  has  been  manured  with 
ammonia-salts  alone.  10b  has  been  manured  exactly  simi- 
larly in  every  year  excepting  the  third,  fifth,  and  seventh  (1846, 
1848,  and  1850);  in  1846  it  was  left  unmanured;  in  1848 
it  received,  in  addition  to  the  ammonia-salts,  a  mineral  manure 
containing  salts  of  potass,  soda,  and  magnesia,  and  superphos- 
phate of  lime ;  and  in  1850  the  same  mineral  manure  without 
the  ammonia-salts.  That  is  to  say,  during  the  first  six  years  of 
the  twenty-seven,  the  application  of  ammoniarsalts  was  twice 
omitted  on  lOi,  but  it  twice  received  mineral  manure  when 
10a  did  not. 

The  Table  shows  that  during  the  6  years,  1845-50,  10&,  with 
less  ammonia-salts,  but  more  mineral  manure,  yielded,  in  the 
aggregate,  14|-  bushels  less  com,  and  11^  cwts.  less  straw, 
or  2^  bushels  corn,  and  1^  cwt  straw,  less  per  acre  per 
annum  than  10a.  On  the  other  hand,  in  almost  every  year 
since  up  to  the  present  time,  a  period  of  21  years  since  the  last 
application  of  mineral  manure,  \Qb  has  yielded  more  of  both 
com  and  straw  than  10a ;  in  all  69f  bushels  more  com,  jand 
61|-  cwts.  more  straw,  or  an  average  annual  excess  of  3^  bushels 
of  com,  and  2{-  cwts.  of  straw. 

It  is  obvious  that  the  excess  of  produce  on  10&,  over  that  on 
10a,  during  the  last  21  years,  may  be  partly  due  to  the  less 
exhaustion  of  the  mineral  constituents  of  the  soil  on  lOb  during 
the  first  6  of  the  27  years,  owing  to  the  less  supply  of  ammonia- 
salts  to  it  during  that  period.  But,  if  we  deduct  the  difference 
between  the  produce  on  the  two  plots  during  these  6  years, 
from  the  excess  of  produce  on  10&  during  the  last  21  years,  we 
still  have,  during  the  latter  period,  an  aggregate  excess  of  54| 
bushels  of  corn,  and  50f  cwts,  of  straw,  or  an  average  annual 
excess  of  2|  bushels  of  com,  and  2^   cwts.  of  straw,  on  10^, 
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which  amounts  at  least  must  be  attributed  to  the  residue  of  the 
mineral  memures  supplied  now  more  than  20  years  ago. 

The  wheat  experiments  afford  other  illustrations  of  the  lasting 
effects  of  certain  mineral  substances  applied  as  manures ;  bat 
owing  to  the  very  unusual  exhaustion  of  the  mineral  constituents 
of  the  soil  by  the  application  of  ammonia-salts  alone  so  many 
years  in  succession  in  the  cases  above  cited,  the  point  is  suffi- 
ciently forcibly  brought  out  to  render  it  unnecessary  to  addoce 
further  evidence  of  the  same  kind  on  the  subject 

The  evidence  afforded  by  the  analysis  of  the  produce^  of  the 
soils,  and  of  the  drainage  waters,  is,  however,  perfectly  consistent 
with  that  of  the  field  results. 

Thus,  numerous  analyses  of  the  ash  of  the  grain  and  the  straw 
of  the  produce  of  the  experimental  wheat  plots  show  that  of  Plot 
lOa  to  have  become  relatively  deficient,  more  particularly  in 
phosphoric  acid,  but  to  some  extent  in  potass  also,  during  the 
later  years. 

Again,  Baron  Liebig's  son,  Hermann  von  Liebig,  who  had 
asked  to  be  provided  with  samples  for  investigation,  has  partially 
analysed  the  soils  from  some  of  the  Rothamsted  experimental 
wheat  plots ;  and,  so  far  as  the  important  constituents  potass  and 
phosphoric  acid  are  concerned,  he  finds  the  amount  of  these 
much  greater,  especially  in  the  upper  layers  of  the  soil,  the 
greater  the  supplies  by  manure. 

Lastly,  on  diis  point,  Dr.  Voelcker's  analyses  of  the  drainage 
waters  show,  that  very  much  less  of  potass  passed  off  in  that  way 
than  of  either  soda,  lime,  or  magnesia ;  and  also  very  much  less 
of  phosphoric  acid  than  of  sulphuric  acid  or  of  chlorine ;  in  fact, 
there  is  comparatively  little  loss  by  drainage  of  either. 

llie  facts  brought  out  in  this  Section  may  be  briefly  sum- 
marised  as  follows : — 

1.  When  either  ammonia-salts,  or  nitrate  of  soda,  or  nitro-. 
genous  organic  matter  in  the  form  of  rape-cake,  or  farmyard 
manure,  was  applied  for  either  wheat  or  barley,  a  considerable 
proportion  of  the  nitrogen  so  supplied  remained  unrecovered  in 
the  increase  of  the  crop  for  which  the  manure  was  employed ; 
nor  was  the  whole  recovered  in  many  succeeding  crops. 

2.  When  ammonia-salts  were  applied  in  the  autumn  for 
wheat,  a  much  less  proportion  of  their  nitrogen  was  recovered 
in  the  increase  of  crop,  than  when  they  were  applied  in  the  spring 
for  barley  or  for  oats. 

3.  Analysis  of  the  soils  to  the  depth  of  27  inches,  showed  that 
there  was  a  considerable  accumulation  within  that  depth,  of  the 
nitrogen  of  manure  which  had  not  been  recovered  in  the  increase 
of  the  crop ;  but  that  a  still  larger  amount  remained  to  be  other- 
wise accounted  for. 
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4.  Analysis  of  the  drainage  waters  from  the  experimental 
wheat  plots  showed  that  they  contained  a  large  amount  of  nitrogen 
in  the  form  of  nitrates ;  that  the  quantity  of  nitrates  in  the  drain- 
age was  the  greater  the  greater  the  amount  of  ammonia-salts 
applied  as  manure ;  and  that  (after  autumn  sowing),  the  quantity 
was  very  much  greater  in  the  winter,  than  subsequently  in  the 
spring  and  summer. 

5«  The  analysis  of  the  drainage  waters  further  showed — that 
the  winter  drainage,  after  sowing  ammonia-salts  in  the  autumn, 
may  often  contain  from  two  to  three  parts  (and  sometimes  much 
more)  of  nitrogen  (as  nitrates  and  nitrites)  per  100,000  parts  of 
water.  Calculation  showed  that,  for  every  one  part  of  nitrogen 
per  100,000  parts  of  drainage,  there  will  be  a  loss  of  2^  lbs.  of 
nitrogen  per  acre  for  every  inch  of  rain  passing  beyond  the  reach 
of  the  roots.  In  one  case  Dr.  Frankland's  analysis  showed 
7'841  parts  of  nitrogen  per  100,000  parts  of  drainage,  corre- 
sponding to  a  loss  of  17f  lbs.  of  nitrogen  per  acre,  provided  an 
inch  of  rain  passed  as  drainage  of  that  strength. 

6.  A  given  surface  of  soil  possesses  much  less  capacity  of 
absorption  for  nitrate  of  soda,  or  its  products  of  decom|K>sition, 
than  for  the  ammonia  of  ammonia-salts.  Consequently,  heavy 
rains  soon  after  sowing  would  carry  off  in  the  drainage  water 
more  nitrogen  from  a  dressing  of  nitrate  of  soda,  than  from  a 
corresponding  dressing  of  ammonia-salts.  In  one  case,  after  a 
heavy  dressing  of  nitrate  of  soda  in  the  spring,  Dr.  Voelcker 
found  the  drainage-water  to  contain  5*83  parts  of  nitrogen  per 
100,000  of  water,  corresponding  to  a  loss  of  13  lbs.  of  nitrogen 
per  acre,  per  inch  of  rain  so  passing. 

7.  Owing  to  the  much  less  loss  by  drainage  in  the  case  of 
spring  than  of  winter  sowing,  there  was  not  only  more  increase 
in  the  immediate  crop  from  a  given  amount  of  nitrogen 
applied  in  the  spring  for  barley  (or  oats)  than  in  the  autumn 
for  wheat,  but  there  was  also  much  more  effect  upon  succeeding 
crops,  from  the  at  first  unrecovered  amount,  in  the  case  of  the 
barley  than  in  that  of  the  wheat. 

8.  It  is  probable  that  the  whole  of  the  nitrogen  supplied  as 
manure  in  ammonia-salts,  or  nitrate  of  soda,  is  either  recovered 
in  the  immediate  increase  of  crop,  retained  in  the  soil  in  a  very 
slowly  available  condition,  or  drained  away  and  lost 

9.  Owing  to  the  slow  decomposition  of  the  nitrogenous 
organic  matter  of  rape-cake  and  farmyard  manure,  their  nitrogen 
is  less  rapidly  available  than  that  of  ammonia-salts  or  nitrate 
of  soda ;  but,  so  far  as  can  be  judged  from  the  direct  experiments 
on  the  point,  it  would  appar  to  be,  at  the  same  time,  less  subject 
to  loss  by  drainage. 

10.  Certain  important  mineral  or  ash-constituents  of  manures 
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— potass,  and  phosphoric  acid,  for  example — are,  at  any  rate  in 
the  case  of  the  heavier  soils,  almost  wholly  retained  by  them 
within  the  range  of  the  roots ;  and  they  are  foond  to  be  very 
lasting  in  their  etkcta  upon  succeeding  crops,  provided  there  be 
a  sufficient  available  supply  of  nitrogen  within  the  soil. 


Section  V, — ^Eesults  obtained  in  othbb  Fields,  and  unoeb 
OTHBB  Conditions  as  to  Ceopping,  Mantjbing,  &a 

Before  attempting  to  give  a  general  summary  of  the  results  of 
the  experiments  on  the  growth  of  barley  for  20  years  in  succes- 
sion on  the  same  land,  or  to  draw  any  geneial  or  practical  con- 
clusions from  them,  it  will  be  well  to  c^U  attention  to  some 
results  obtained  in  other  fields,  and  under  different,  and  in  some 
cases  less  artificial,  conditions  as  to  cropping,  manuring,  &c.  By 
the  aid  of  the  comparisons  thus  afforded,  some  judgment  may  be 
formed  as  to  whether  any  conclusions  drawn  from  the  results 
obtained  under  the  unusual  conditions  of  the  experiments  which 
have  been  detailed,  may  be  trusted  as  a  guide  to  the  require- 
ments of  the  crop  when  gprown  on  other  land,  or  in  the  ordinary 
course  of  farming. 

Two  sets  of  experiments  will  be  noticed.  In  the  first  of  these, 
barley  was  grown  for  8  years  in  succession  on  a  series  of  plots 
which  had  previously  been  differently  manured,  and  g^wn  10 
crops  of  turnips  in  succession.  In  the  other  case,  barley  has  been 
grown  in  four-course  rotation,  without  manure,  and  with  different 
descriptions  of  manure. 

1.   Three  Years  of  Barley  lifter  Ten  Years  of  Turnips — 

Bam  Field. 

The  results  of  these  experiments  were  considered  in  some 
detail  in  our  former  paper  on  the  Growth  of  Barley  ( *  Journal 
of  the  Royal  Agricultural  Society  of  England,'  vol.  xviiL,  Part  II., 
1858),  and  they  will  therefore  be  referred  to  less  fully  in  this  place. 

For  the  turnips,  the  area  of  from  7  to  8  acres  was  divided  into 
numerous  plots,  differently  manured ;  and  the  object  in  view  in 
afterwards  taking  3  unmanured  barley-crops  from  the  land  was  to 
test  the  actual  and  comparative  condition  for  corn-growing,  in 
which  the  different  plots  had  been  left,  and,  as  far  as  possible,  to 
equalize  their  condition  (especially  so  far  as  the  nitrogen  which 
had  been  supplied  was  concerned),  before  commencing  a  new 
series  of  turnip  experiments. 

The  turnips  were  grown  in  the  10  years  1843-1852  (Norfolk 
Whites  6  jears,  Swedes  4  years).     In  Table  XLVllI.  (p.  159) 
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is  given  the  produce  of  barley  in  1853,  1854,  and  1855,  on  plots 
manured  for  the  turnips  as  under  : — 

1.  A  series  of  plots  having  various  purely  mineral  manures 
during  the  last  8  of  the  10  years  of  the  turnips. 

2.  Plots  having  the  same  mineral  manures  as  1,  during  the 
last  8  years,  and  ammonia-salts  (an  average  of  45  lbs.  of  nitrogen 
per  acre  per  annum)  during  the  first  6  of  the  last  8  years,  namely 
1845-1850  inclusive. 

3.  Plots  having  the  same  mineral  manures  during  the  last  8 
years  as  1  and  2,  and,  in  addition,  an  average  of  nearly  17  cwts. 
rape-cake  (  =  90  lbs.  nitrogen)  per  acre,  per  annum,  during  the 
first  6  of  the  last  8  years. 

4.  Plots  having  the  same  mineral  manures  as  1,  2,  and  8, 
during  the  last  8  years,  and  both  the  ammonia^^alts  (=45  lbs. 
nitrogen),  and  the  rape-cake  (=90  lbs.  nitrogen),  per  acre,  per 
annum,  during  the  first  6  of  the  last  8  years. 

There  is  also  given  in  the  Table  the  produce  of  barley  in 
1854  and  1855,  on— 

5.  A  portion  of  the  previously  mineral-manured  tumip-Iand, 
dressed  for  the  barley-crop  of  1854  with  ammonia^salts,  at  the 
rate  of  400  lbs.  per  acre  (=  82  lbs.  nitrogen) ;  but  without  further 
manure  in  1855. 

6.  Another  portion  of  the  previously  mineral-manured  turnip- 
land,  dressed  with  nitrate  of  soda,  at  the  mte  of  550  lbs.  per  acre 
(=  82  lbs.  of  nitrogen),  for  the  barley-crop  of  1854,  and  of 
112  lbs.  (=17  lbs.  of  nitrogen),  for  the  crop  of  1855. 

The  average  produce  of  turnips  over  the  last  8  years  (1845— 
1852)  was  :— 
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Thus,  with  purely  mineral  manures  the  produce  was  but  small ; 
with  mineral  manure  and  ammonia-salts  it  was  more;  with 
mineral  manure  and  rape-cake  again  rather  more ;  and  with 
mineral  manure,  ammonia-salts,  and  rape-cake,  together,  it 
was  the  heaviest,  but  still,  on  the  average,  only  about  12^  tons 
of  roots,  and  4^  tons  of  leaves,  per  acre  per  annum.  On  some 
portions  the  mineral  manures  supplied  more  of  all  the  mineral 
constituents  than  were  removed  in  the  turnip-crops,  but  on  others 
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they  did  not;  yet,  there  was  so  little  difference  in  the  sabse- 
quent  produce  of  barley  on  the  different  mineral-manured  plots, 
that  only  the  average  of  all  is  given  in  each  case  in  the  Table. 

For  comparison  with  the  produce  of  barley  after  tumipa^ 
there  is  also  given  in  the  top  line  of  each  division  of  the  Table 
XLVIIL  (p.  159),  that  without  manure  in  the  same  seasons 
(which  were  the  second,  third,  and  fourth  of  the  20),  in  the  field 
in  which  the  crop  has  now  been  grown  for  so  many  years  in 
succession. 

The  figures  show  that,  over  the  three  years,  there  were  ob- 
tained after  the  mineral-manured  turnips,  an  average  of  only  20 
bushels  of  barley  grain,  and  not  quite  12  cwts.  of  straw,  per 
acre  per  annum  ;  or  not  two-thirds  as  much  as  without  manure 
after  barley,  clover,  wheat,  barley,  and  barley,  in  the  same  seasons, 
in  the  field  in  which  the  crop  is  now  being  grown  continuously. 

If,  as  has  been  maintained  on  high  authority,  the  increased 
produce  of  corn  which  is  obtained  in  rotation,  is  due  to  the 
accumulation,  or  elaboration,  during  the  growth  of  other  crops,  of 
the  mineral  constituents  required  for  the  com,  it  might  surely  be 
expected  that,  after  a  series  of  mineral-manured  turnip-crops,  for 
which,  on  some  of  the  plots,  more  of  every  mineral  constituent 
was  supplied  in  the  manure  than  was  taken  off  in  the  produce, 
we  should  have  full  crops  of  barley.  But  what  are  the  facts  ? 
We  have  after  the  mineral-manured  turnips  three  perfectly  insig- 
nificant barley-crops,  and  much  less  than  when  barley  was  grown 
after  three  immediately  preceding  corn-crops. 

The  question  arises — in  what  constituent,  or  constituents,  had 
the  mineral-manured  turnips  so  exhausted  the  soil  as  to  bring 
it  into  a  condition  even  far  worse  for  the  after  growth  of  barley 
than  when  (after  clover)  three  white  straw  crops  had  been 
grown  in  succession — namely,  wheat  without  manure,  barley 
with  sulphate  of  ammonia,  and  barley, without  manure? 

It  is  seen  that  where,  besides  the  mineral  manures,  ammonia- 
salts  (experiment  2),  rape-cake  (experiment  3),  and  ammonia-salts 
and  rape-cake  together  (experiment  4),  were  applied  annually 
during  the  first  6  of  the  last  8  years  of  turnips,  there  was  more 
produce  of  barley,'  both  com  and  straw,  than  where  the  mineral 
manures  had  been  applied  alone ;  and  there  was  more  where 
rape-cake,  or  ammonia-salts  and  rape-cake  together,  were  em- 
ployed, than  where  the  ammonia-salts  without  rape-cake  were 
used.  The  rape-cake  not  only  supplied  about  twice  as  much 
nitrogen  per  acre  as  the  ammonia- salts,  but  the  nitrc^n  it  con- 
tained would  exist  in  a  condition  both  less  rapidly  available  and 
less  liable  to  loss  by  drainage.  The  results  obtained  after  the 
mineral-manured  turnips  (experiment  1)  exclude  the  supposition 
that  the  increase  of  produce,  where  ammonia-salts  had  also  been 
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Tablb  XLVIIL— Three  Years  of  Barley  after  Ten  Years  of  Turnips. 

BARN-FIELD. 


Pboducb  of  Bablst  pkr  Aoss. 


PABTICOLARS  OF  MANURES,  &a 
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Mineral  manures  (8  yrs.) ;  Ammonia-salts  and  Rape-cake  (6  yrs.)' 

Mineral  manures  ^8  yrs.);  Ammonia-salts,  for  Barley,  1854  .. 
BAineral  manures  (8  yrs.)  ;  Nitrate  soda,  for  Barley,  54  &  '55 
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Mineral  manures  (8  yrs.) ;  Nitrate  soda,  for  Barley  '54  &  '55 .. 
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Mineral  manures  (8  yrs.) ;  Nitrate  soda,  for  Barley,  '54  &  *55 
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used,  was  due  to  any  action  tbat  they  might  have  in  increasing 
the  available  supply  of  mineral  constituents  within  the  soil,  or  tbat 
the  efTects  of  the  residue  of  rape-cake  were  attributable  to  the 
mineral  constituents  it  supplied.  There  can,  indeed,  be  no 
doubt  that,  in  all  three  experiments,  the  increased  produce  of 
barley  was  due  to  an  increased  supply  of  available  nitrogen 
within  the  soil  where  it  had  been  applied  in  the  manures  for  the 
turnips.  Still,  in  neither  case  is  there  as  much  produce  of  barley 
as  without  manure  in  the  other  (Hoos)  field,  where  the  barley  was 
grown  after  several  previous  corn-crops. 

But  experiments  5  and  6  aflford  conclusive  evidence  that  it 
was  of  available  nitrogen  for  the  barley  that  the  soil  had  become 
so  exhausted  by  the  g^wth  of  10  successive  crops  of  turnips. 

Thus,  in  the  second  year  of  barley,  1854^  those  portions  of  the 
mineral-manured  turnip-plots  which  were  left  without  further 
manure  (experiment  I)  gave  19^  bushels  of  com,  and  12^  cwts. 
of  straw,  per  acre ;  whilst  a  portion  to  which  ammonia-salts,  at  the 
rate  of  400  lbs.  per  acre,  were  applied  (experiment  5),  gave  52|- 
bushels  of  corn,  and  39-|-  cwts.  of  straw ;  and  where  550  lbs.  nitrate 
of  soda,  containing  about  the  same  quantity  of  nitrogen  as  the 
ammonia-salts,  was  applied  (experiment  6),  there  were  obtained 
54^  bushels  of  com,  and  42-|-  cwts.  of  straw.  In  fact,  by  the  simple 
addition  of  ammonia-salts  or  nitrate  of  soda,  from  3  to  3^  times 
as  much  total  produce  (com  and  straw  together)  was  grown. 

Though  not  shown  in  the  Table,  it  may  be  mentioned  as 
remarkable,  that  although  the  produce  without  manure  was  very 
different  in  the  two  fields,  that  obtained  when  a  given  amount  of 
nitrogen  in  the  form  of  ammonia^salts  or  nitrate  of  soda  was 
applied  was  very  nearly  identical  in  the  different  fields.  The 
conclusion  is  that,  in  both,  the  mineral  constituents,  thoo^ 
abundant,  were  unavailing  in  the  absence  of  a  sufficiency  of 
available  nitrogen,  but  that  when  this  was  superadded,  the 
amount  of  growth  and  produce  was  dependent  on  the  amount  of 
its  supply,  and  the  characters  of  the  season. 

Lastly,  in  the  third  year  of  barley  after  turnips  (1855),  the 
Plot  5,  which  had  received  ammonia-salts  in  the  previous  year, 
grave  about  6^  bushels  more  com,  and  i\  cwts.  more  straw,  than 
the  exclusively  mineral-manured  plots ;  and  Plot  6,  which  again 
received  nitrate  of  soda,  but  only  in  small  quantity  (112  lbs.  per 
acre),  gave  more  than  twice  as  much  of  both  com  and  straw  as 
the  purely  mineral-manured  plots. 

There  is  still  evidence  of  another  kind,  which  may  be  cited  as 
showing  that  it  was  of  available  nitrc^n  that  the  turnips  had 
rendered  the  soil  so  deficient  for  the  after-growth  of  barley.  It  may 
be  assumed  that,  on  the  average,  between  25  and  30  lbs.  of  nitrogen 
would  be  annually  removed  from  the  Rothamsted  soil  by  wheat 
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or  barley  grown  year  after  year  without  nitrogenous  manure. 
But  it  is  estimated  that  from  the  mineral-manured  turnip-plots 
th^re  were,  over  the  10  years,  more  than  50  lbs.  of  nitrogen  per 
acre  per  annum  removed.  As,  however,  on  some  of  the  plots 
small  quantities  of  ammonia-salts  or  rape-cake  were  applied  in 
the  first  two  years  of  the  ten  of  turnips,  it  is,  perhaps,  more  to  the 
purpose  to  take  the  average  over  the  last  8  years  of  turnips 
only ;  and  this  would  show  about  45  lbs.  of  nitrogen  removed 
per  acre  per  annum.  An  immaterial  proportion  of  ^is  might  be 
due  to  the  small  amounts  of  nitrogenous  manures  applied  in  the  first 
two  years.  Still,  it  may  be  assumed  that  about  1^  time  as  much 
nitrogen  was  removed  from  the  land  for  8,  if  not  for  10  years,  in 
succession,  as  would  have  been  taken  in  an  equal  number  of  crops 
of  wheat  or  barley  grown  without  nitrogenous  manure.  IVo 
w^onder,  then,  that  considerably  less  barley  has  been  grown  in  3 
years  after  a  series  of  mineral-manured  turnip-crops,  than  was 
obtained  in  another  field  after  a  less  number  of  corn-crops. 

The  results  obtained  in  Barn-field  afibrd  a  striking  illustration 
of  the  dependence  of  the  turnip-plant  on  a  supply  of  avail- 
able nitrogen  within  the  soil,  and  of  its  comparatively  great 
power  of  exhausting  it  They  are  also  perfectly  consistent  with 
those  in  Hoos-field,  in  showing  that  mineral  manures  will  not 
yield  fair  crops  of  barley,  unless  there  be,  within  the  soil,  a 
liberal  supply  of  available  nitrogen.  The  results  obtained  under 
such  very  different  conditions  in  the  two  fields  are,  in  fitct, 
strikingly  mutually  confirmatory. 

2.  Barley  in  Fowr-Course  Rotation  of — Turnips^  Barley^  Clover 

or  Beansy  and  Wheat — AgdelUField. 

These  experiment.,  which  are  stUI  in  progrew,  were  com- 
menced  in  1848,  so  that  the  crop  of  1871  was  the  twenty-fourth, 
and  completed  the  sixth  course.  The  produce  of  barley  obtained 
in  the  first  three  courses  was  given  in  the  paper  above  referred  to, 
but  it  is  now  given,  though  in  less  detail  for  each  course,  for  the 
six  completed  courses. 

The  area  of  about  2^  acres  was  divided  into  three  equal  portions. 
One-third  has  been  left  entirely  unmanured  from  the  commence- 
ment; one-third  has  been  manured  with  superphosphate  of 
.  lime  *  alone,  once  every  4  years,  that  is  for   the  turnip-crop 

*  Quantities  per  acre,  as  under — 
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commencing  each  course;  and  one-third,  also  for  the  tnmip- 
crop  only,  with  a  complex  manure,  consisting  of  superphosphate 
of  lime,  salts  of  potass,  soda,  and  magnesia,  sulphate  and  muriate 
of  ammonia,  and  rape-cake.* 

From  half  of  each  of  the  three  plots  the  whole  turoip-crop 
(roots  and  tops)  was  removed ;  on  the  other  half  the  roots  were 
consumed  on  the  land  by  sheep,  and  the  uneaten  leaves  spread 
and  ploughed  in.  In  the  first  course  clover  was  grown  as  the  third 
crop ;  but  in  the  second,  third,  fourth,  fifth,  and  sixth  courses, 
instead  of  clover,  half  of  each  plot  was  sown  with  beans,  and  the 
other  half  left  fallow. 

It  would  be  out  of  place  here,  to  describe  the  results  obtained 
in  these  experiments  on  rotation,  any  more  than  is  essential  to 
explain  the  conditions  under  which  the  barley  was  grown.  The 
results  which  will  be  noticed  relating  to  that  crop  are  only  those 
obtained  on  the  portion  of  each  of  the  three  plots  from  which 
the  turnips  were  entirely  removed,  and  on  which,  in  the  later 
courses,  beans  (not  fallow)  replaced  ^e  clover.  The  facts  of 
chief  importance  in  relation  to  the  other  crops  are  as  to  the 
quantity  of  turnips  removed  from  the  land  before  the  growth  of 
tne  barley.  The  average  produce  of  turnips  per  acre  over  the 
first  five  courses  (the  crop  failing  in  the  sixth) 
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Under  each  of  the  three  conditions  as  to  manuring,  the  produce 
of  turnips  was  much  less  in  the  later  than  in  the  earlier  courses. 
This  was,  probably,  partly  owing  to  the  higher  condition  of  the 
land,  dependent  on  previous  manuring  and  cropping,  at  the  com- 
mencement of  the  first  than  of  the  subsequent  courses ;  bat  it 
was  partly  due    to  the  characters  of  the  seasons.     Indeed,   in 
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1868,  the  first  year  of  the  sixth  course,  turnip-seed  was  sown  twice, 
but  entirely  failed,  owing  to  the  dryness  of  the  season ;  and  the 
land  was  then  ploughed  up,  and  left  fallow  for  the  barley. 

The  result  in  regard  to  the  turnips  may  be  stated  in  general 
terms  as  follows  : — 

Without  manure  there  was  scarcely  any  produce  of  turnips  at 
all;  there  was,  therefore,  no  exhaustion  of  the  land  by  the 
remoyal  of  the  crop;  and  it  was,  practically  speaking,  left 
fallow  for  the  barley. 

With  superpltospkate  of  lime  alone  only  small  crops  of  turnips 
were  grown,  especially  in  the  later  courses ;  still,  much  more  was 
removed  from  the  land  than  without  manure ;  and,  as  nothing 
was  supplied  besides  what  the  superphosphate  itself  contained, 
the  land  was,  so  far  as  other  constituents  are  concerned,  left  in  a 
much  more  exhausted  condition  for  the  growth  of  the  barley 
than  without  any  manure  whatever. 

With  the  mixed  manure  fair  crops  of  turnips  were  removed  in 
the  earlier,  but  less  in  the  later  courses ;  and  (excepting  in  the 
first  year)  there  would  remain  in  the  land  a  considerable  residue 
from  the  manures  applied,  and  hence  it  would  be  left  in  a 
higher  condition  for  die  barley  than  after  either  the  unmanured 
or  the  superphosphated  turnips.       , 

The  produce  of  barley,  under  each  of  the  three  conditions  as 
to  manuring  for  the  turnips,  in  each  of  the  six  successive 
courses,  and  on  the  average  of  the  six  courses,  is  given  in  Table 
XLIX.  (p.  164);  and,  for  comparison,  there  is  also  given,  in 
the  top  line  of  each  division,  the  produce,  without  manure, 
in  the  same  seasons,  in  the  field  in  which  barley  is  grown  year 
after  year  on  the  same  land. 

It  will  not  be  necessary  to  go  into  any  detail  respecting  the 
produce  of  the  individual  years  any  further  than  to  notice 
the  apparently  anomalous  i^esults  of  the  first  year.  The  much 
higher  produce  of  barley  after  the  unmanured  than  after  the 
mixed-manured  turnips,  may  be  partly  owing  to  some  irre- 
gularities in  the  condition  of  the  land  at  the  commencement ; 
but  it  is,  doubtless,  chiefly  due  to  the  fact  that  there  had  been 
removed  from  the  unmanured  plot  only  about  3^  tons  of  roots, 
and  2j^  tons  of  tops,  and  from  the  mixed-manured  plot  nearly 
11  tons  of  roots,  and  more  than  7^  tons  of  tops ;  whilst,  as  the 
foot-note  at  p.  162  will  show,  the  mixed  manure  was  much  less 
liberal  for  the  first  than  for  the  subsequent  courses.  There  was, 
in  fact,  not  only  very  much  more  turnips  removed  from  the 
manured  than  from  the  unmanured  plot,  but  there  would  be 
much  less  residue  of  manurial  constituents,  if  any,  left  for  the 
barley  of  the  first  course,  than  for  that  of  either  of  the  subse* 
quent  courses. 
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Tablb  YJAX.—Barley  in  Fonr-ooaiBe  Rotation  of— 
Turnips,  Barley,  Glover  or  Beans,  and  Wheat. 

PBODUCB  or  HaRUET  PBS  ACKiL 

J 

PABTICULABS  OF  MANURES^  he 

1M9. 

1803. 

1857. 

1S61. 

1865.    IteSL 

Dressed  Com — Bushels. 


Hoos-Fidd— 
Barley,  nnmanured,  after  3  Com  crops 

Affdell-Field— 
Barley,  in  Fouveoune  Botation-^ 

Unmannred,  continaoosly 

Superphosphate,  for  turnips  only 
Mixea  Manure,  for  turnips  only 


26 


34| 

28| 
38^ 


30i 


48) 
28i 
48 


16i 


S8| 


19i 


39 

3S| 

474 


15 


4Si 


»i 


Straw  (and  Chaflf)— Cwts. 


Hoos-Field— 
Barley,  nnmanured,  after  3  Oom-crops 

Affdell-Field— 

Barley,  in  Four-course  Rotation — 

Unmanured,  continuously 

Superphosphate,  for  turnips  only 
Mixed  Manure,  for  turnips  only 


.  26{ 


nj 


21f 

16| 
23i 


14} 


23} 

2l| 


101 


22J 

171 
35} 


19} 
231 


tot 


17| 
29} 


1^ 


Ml 
25} 


Total  Produce  (Com  and  Straw) — ^Ibs. 


Hoos-Field-- 
Barley,  nnmanured,  after  3  Corn-crops 

Affdell-Field— 

Barley,  in  Four-course  Rotation — 

Unmannred,  continuously 

Soperphosphate,  for  turnips  only 
Mixed  Manure,  for  turnips  only 


3467 

3295 

2107 

2042 

2016 

5656 
3841 
3794 

4465 . 

3560 

4873 

5337 
3076 
5168 

4718 
3775 
7391 

4182 
3394 
5148 

3358 
3686 
5800 

4619 
3555 


It  bag  already  been  shown  tbat  the  prodnce  of  barley 
much  less  after  10  turnip-crops — ^the  last  o  with  mineral  manores 
only — ^than  after  3  preceding  com  crops ;  but,  as  the  top  line  in 
each  of  the  divisions  of  the  Table  (XLIX.)  shows,  the  prodace 
grown  year  after  year  on  the  same  land  without  manure  declined 
considerably  in  the  later  years.  It  is  now  seen  that  the  quantity 
of  barlej  grown  in  rotation  without  manure,  is  very  considerably 
greater  than  that  grown  in  succession  without  manure.  The 
produce  is,  indeed,  considerably  higher  when  grown  in  rotation 
after  unmanured,  than  after  superphosphated  turnips.  This  is 
accounted  for  by  the  fact  already  stated,  namely,  that  as  scarcely 
any  turnips  were  removed  from  the  unmanuied  plo^  the  land 
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was  practicallj  left  fallow  for  the  barley;  whilst,  from  the 
superphosphated  plot,  the  quantity  removed  would  considerably 
exhaust  the  land.*  Again  (omitting  the  first  year),  the  produce 
after  the  removal  of  the  full-manured  and  larger  crops  of  turnips 
^was  uniformly,  and  on  the  average,  very  much  higher  than  after 
the  semoved  superphosphated  turnips,  and  also  generally,  and 
on  the  average,  higher  than  after  the  unmanured  turnips.  This 
larger  produce  of  barley  after  the  removal  of  the  larger  crops  of 
turnips  grown  by  the  mixed  manure,  is  doubtless  due  to  the  fact 
that  there  would  still  be  a  considerable  residue  of  the  manure 
left  within  the  soil. 

It  has  already  been  shown,  both  by  the  results  of  the  growth 
of  barley  year  after  year  on  the  same  land,  and  by  those  of  its 
growth  after  the  removal  of  a  series  of  mineral-manured  turnip- 
crops,  that  a  liberal  supply  of  mineral  constituents  alone  is 
insufficient  to  secure  a  fair  crop  of  barley.  In  both  sets  of  expe- 
riments it  was  also  shown  that  the  further  addition  of  nitrogenous 
manure  raised  the  produce  to  a  maximum.  It  might  safely  be 
concluded,  therefore,  that  the  larger  produce  of  barley  after  the 
full  manured,  than  after  the  superphosphated  or  the  unmanured 
turnips  in  rotation,  was  not  attributable  to  any  residue  of  mineral 
constituents  alone  which  would  be  left  after  the  removal  of  the 
highly  manured  roots ;  and  that  the  larger  produce  after  the  un- 
maniured  than  after  the  superphosphated  turnips  was  not  due  to 
a  less  exhaustion  or  greater  accumulation  of  available  mineral 
constituents  where  the  smaller  crop  of  turnips  was  removed. 

But  other  evidence  is  not  wanting  to  confirm  the  conclusion 
that  the  higher  produce  of  barley  after  the  unmanured  than  after 
the  superphosphated  turnips  in  rotation,  and  the  higher  produce 
still  after  the  full-manured  than  after  the  unmanured  turnips, 
were  each  due,  in  great  part,  to  an  accumulation  of  available 
nitrogen  within  the  soil  for  the  barley.  Thus,  it  is  estimated 
that,  from  the  superphosphated  plot,  which  yielded  the  smallest 
produce  of  barley,  the  turnips  would  probably,  on  the  average 
of  the  five  seasons  in  which  they  grew,  remove  about  50  lbs.  of 
nitrogen  per  acre,  or  more  than  would  be  supplied  in  200  lbs. 
ammoniaHsalts.  From  the  unmanured  plot  they  would  remove 
only  from  one-fourth  to  one*third  as  much  ;  and  much  less  than 
would  be  contained  in  the  increaJBed  produce  of  a  corn-crop  that 
would  result  from  the  fallowing  of  the  land ;  so  that,  presumably, 
there  would  remain  a  considerable  available  store  for  the  barley. 
From  the  mixed-manured  plot,  again,  though  the  tnmip-crop 
of  the  first  course  most  probably  removed  considerably  more 

*  The  larger  prodooe  of  barley  on  the  soperphosphated  than  on  the  unmanured 
plot  in  1869  is  only  apparently  an  exception;  for,  as  has  been  stated,  the  turnips 
filled  in  1868,  and  there  was,  therefore,  nothing  removed  from  either  plot  in  that 
year. 
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nitrogen  tlian  was  supplied  in  the  manore,  the  average  prodooe 
of  the  sabseqaent  courses  would  appear,  by  calculation,  to  hare 
removed  much  less  than  was  supplied ;  and,  as  most  of  that 
which  was  supplied  was  in  the  form  of  rape-cake,  there  would 
doubtless  be  an  effective  residue  left  within  the  soiL 

To  sum  up  the  results  on  the  point: — As  in  other  experi* 
ments,  so  also  in  these,  in  which  barley  was  grown  in  rotation, 
and  under  three  veiy  different  conditions  as  to  manuring,  the 
evidence  is  sufficiently  conclusive,  and,  therefore,  corroborative 
of  that  in  the  other  cases,  that  an  essential  condition  for  the 
growth  of  a  full  crop  of  barley,  whether  in  rotation,  or  under 
less  usual  conditions,  is  a  liberal  supply  of  available  nitrogen 
within  the  soil. 

Section  VI. — Summakt  and  General  Conclusions,  shoi^tng 
THE  Practical  Bearings  of  the  Kesults. 

• 

In  a  former  paper  it  was  shown,  that  wheat  had  been  sac- 
cessfuUy  grown  for  twenty  years  in  succession  on  the  same  land  ; 
that  the  produce  without  manure  had,  during  that  period, 
diminished  'comparatively  little ;  and  that  that  by  farmyard 
manure,  and  by  certain  artificial  manures,  had  increased  con- 
siderably. The  thirtieth  wheat  crop  is  now  growing,  and  shows 
no  deterioration,  in  either  quantity  or  quality,  where  the  proper 
manures,  natural  or  artificial,  have  been  supplied.  The  most 
prominent  result  was,  and  still  is,  that  mineral  manures  alone 
increase  the  produce  scarcely  at  all ;  that  nitrogenous  manures 
alone  increase  it  very  considerably ;  but  that  the  largest  crops  are 
obtained  when  nitrogenous  and  mineral  manures  are  applied 
together. 

How  far  do  the  results  now  recorded  in  regard  to  barkt/  accord 
with  those  which  have  been  obtained  with  its  botanical  ally — 
wheat? 

The  results  on  the  growth  of  barley,  without  manure,  by  farm- 
yard manure,  and  by  a  great  variety  of  artificial  mixtures,  each 
used  for  twenty  years  in  succession  on  the  same  land,  have  been 
given  in  detail  in  the  foregoing  pages ;  and  they  have  been  com- 
pared with  those  obtained  with  wheat  under  corresponding  con- 
ditions. They  have  been  classified,  and  given  in  separate 
sections,  and  at  the  conclusion  of  the  sections  they  have  been 
more  or  less  formally  summarised.  It  remains  to  call  attention 
here  to  the  most  prominent  results  of  the  inquiry  as  a  whole, 
with  as  little  reference  to  detail  as  may  be  consistent  with  clear- 
ness, referring  the  reader  to  the  detailed  discussion  of  individual 
points,  and  to  the  summaries,  given  at  the  conclusion  of  pre- 
ceding sections,  for  any  further  illustration  or  confirmation  that 
may  be  needed. 
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The  twenty-second  crop  of  barley  in  succession  is  now  gprowing, 
in  a  field  immediately  adjoining  that  devoted  to  the  experiments 
on  wheat,  and  having  a  soil  and  subsoil  of  similar  general  cha- 
racters, namely,  '^  a  somewhat  heavy  loam,  with  a  subsoil  of  raw 
yellowish-red  clay,  but  resting  in  its  turn  upon  chalk,  which  pro- 
vides good  natural  drainage."  It  is  obvious  that,  'in  wet  seasons, 
such  a  soil  is  not  well  suited  for  the  growth  of  the  crop  after 
roots  fed  on  the  land  by  sheep,  as  is  the  custom  of  the  locality ; 
but,  the  results  which  have  been  recorded  abundantly  prove  that, 
when  grown  under  favourable  conditions,  large  crops  of  barley, 
of  good  quality,  may  be  obtained  from  such  land. 

Without  manure^  the  average  produce  of  barley,  over  twenty 
years,  was  21  bushels  of  dressed  corn,  of  52^  lbs.  per  bushel,  and 
12  cwts.  of  straw.  The  quantity  fell  off  considerably,  but  the 
quality  was  considerably  higher  over  the  second  than  over  the 
first  ten  years.  Compared  with  wheat  without  manure,  barley 
gave  more  com,  less  straw,  but  nearly  the  same  quantity  of 
total  produce  ;  it,  however,  fell  off  more  in  produce  of  grain,  and 
about  equally  in  straw,  over  the  later  years. 

By  Farmyard  manure^  the  average  annual  produce  was  more 
than  48  bushels  of  dressed  corn,  of  54^  lbs.  per  bushel,  and 
28  cwts.  of  straw.  The  quantity  of  both  grain  and  straw,  and 
the  quality  of  the  grain,  were  considerably  higher  over  the  second 
than  over  the  first  ten  years.  As  without  manure,  so  with  farm- 
yard manure,  barley,  compared  with  wheat,  yielded  more  corn, 
less  straw,  but  much  about  the  same  quantity  of  total  produce. 

Mineral  manures  .alone  gave  very  poor  crops ;  and  the  quan- 
tity of  both  com  and  straw  fell  off  considerably  during  the  later 
years.  With  barley  there  was  much  more  grain,  rather  less 
straw,  but  considerably  more  total  produce  than  with  wheat. 

Nitrogenous  manures  alome  gave  much  more  barley  than  mineral 
manures  alone;    the  produce   declined   much  less  in  the  later 
years  ;  and,  for  twenty  years  in  succession,  fair,  though  not  full, ' 
crops  were  obtained. 

Nitrogenous  and  mineral  manures  together  gave,  for  twenty  years 
in  succession  on  the  same  land,  rather  more  of  both  corn  and  straw 
than  farmyard  manure,  considerably  more  than  the  average  barley 
crop  of  the  country  under  rotation,  and  an  average  weight  per 
bushel  of  between  53  and  54  lbs.  With  the  same  amount  of 
nitrogen,  and  the  same  mineral  manure,  applied  for  twenty 
years,  in  the  autumn  for  wheat,  and  in  the  spring  for  barley,  the 
barley  gave  much  more  corn,  more  straw,  and  nearly  one-third 
more  total  produce  than  the  wheat. 

Thus,  then,  with  barley  as  with  wheat,  mineral  manures 
alone  failed  to  enable  the  plant  to  obtain  sufficient  nitrogen  and 
carbon  to  yield  even  a  fair  crop.  The  greater  effect  of  nitro- 
genous manures  alone   showed  that  the  soil,  in  its  practically 
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com-exhansted  conditioiiy  was  relatively  richer  in  ayailable 
mineral  constituents  than  in  available  nitrogen.  And  the 
generally  greater  effect  bj  nitrogenous  and  mineral  manores 
together,  than  by  farmyard  manure — which  contained  not  only 
very  much  more  nitrogen,  but  a  large  amount  of  decomposing 
carbonaceous  organic  matter,  and  probably  more  of  every  mineral 
constituent  than  the  crop — ^showed  that  the  nitrogen  of  the  farm- 
yard manure  was  in  a  far  less  rapidly  available  condition,  and 
that  its  supply  of  carbon  was  at  any  rate  unessentiaL 

It  is  hardly  necessary  to  add,  diat  the  field  results  with  barley, 
equally  with  those  with  wheat,  are  entirely  inconsistent  with  the 
mineral  theory  so  long  in  controversy,  according  to  which — ^fer- 
tility was  quite  independent  of  the  ammonia  conveyed  to  the 
soil ; — if  only  the  necessary  mineral  constituents  were  supplied  in 
sufficient  quantity  and  in  available  form,  our  cultivated  plants, 
graminaceous  as  well  as  leguminous,  would  derive  sufficient 
ammonia  from  the  atmosphere ; — ^the  presence  of  ammonia  in  oar 
manures  was  immaterial ;  and — the  entire  future  prospects  of 
agriculture  depended  upon  our  being  able  to  dispense  with 
ammonia  in  our  manures,  therefore  with  animal  manures.* 

It  is  a  very  remarkable  and  very  significant  fact,  that  not  only 
by  farmyard  manure,  but  also  by  artificial  manures  containing  do 
carbon,  an  average  of  not  far  short  of  50  bushels  of  barley-grain 
or  more  if  reckoned  at  only  52  lbs.  per  bushel),  and  nearly 
cwts.  of  straw,  or  much  more  than  the  average  crop  of  the 
country  under  rotation,  should  have  been  obtained  by  the  growth 
of  the  crop  year  after  year  on  the  same  land  for  twenty  years  in 
succession.  Not  only  was  such  an  avenge  obtained  over  the 
twenty  years,  but  there  was  even  rather  more  com,  higher  quality, 
only  little  less  straw,  and  nearly  identical  total  produce  (com 
and  straw  together),  over  the  second  compared  with  the  first  ten 
years,  showing  that,  hitherto  at  least,  there  is  practically  no  ex- 
haustion by  the  continuous  growth  of  such  large  crops  under 
such  conditions  of  soil  and  manuring. 

It  was  with  farmyard  manure,  however,  the  annual  use  of 
which  has  resulted  in  a  very  great  accumulation  within  the  soil, 
of  nitrogen,  of  carbon,  and  probably  of  every  mineral  constituent 
also,  that  there  has  been  the  greatest  increase  of  produce,  and 
especially  of  com,  over  the  second  as  compared  with  the  first  ten 
years.  On  the  other  hand,  without  manure,  with  mineral  manure 
alone,  and  with  ammonia-salts  alone — that  is,  with  defective  soil 
conditions — there  was  a  considerable  deficiency  of  both  com  and 
straw  over  the  second  half  of  the  period  ;  the  greater  deficiency 
the  more  defective  the  manuring,  and  die  greater  the  relative 

*  For  further  remarks  on  the  present  position  of  the  mineral  theory  oontroTersy, 
SCO  pp.  6-7  and  14>16. 


for  Twenty  Yean  in  succession  on  the  same  Land.       169 

deficiency  of  nitrogen  in  the  soil ;  for  the  falling  off  was  con- 
siderably more  marked  with  mineral  manure  alone^  than  with 
ammonia-salts  alone. 

It  will  be  obvious  that  an  average  of  50  bushels  of  barley-grain, 
and  30  cwt.  of  straw,  would  not  be  maintained  without  great 
fluctuations  from  year  to  year,  according  to  season.  Indeed,  in 
no  two  years  of  the  twenty  did  one  and  the  same  manure  yield 
precisely  the  same  result  both  as  to  the  quantity  and  the  quality 
of  its  produce ;  nor  were  the  seasons  which  were  more  or  less 
favourable  than  the  average  for  one  description  of  manure 
equally  favourable  for  other  descriptions.  Thus,  comparing  the 
least  and  the  most  productive  seasons  of  the  twenty,  diere  were 
obtained  (reckoning  the  total  com  at  52  lbs.  per  bushel) — without 
manure  15^  and  37f  bushels,  or  a  difference  of  22  bu^els ;  with 
farmyard  manure,  32  bushels  and  60  bushels,  or  a  difference 
of  28  bushels:  lastly,  with  the  two  most  productive  artificial 
manures,  there  were  obtained  30f  and  36^  bushels  in  the  worst 
season,  and  66  and  68  bushels  in  the  best  season,  or  a  difference 
in  favour  of  the  good  season  of  35^  and  31f  bushels  of  grain. 
That  is  to  say,  with  one  and  the  same  expenditure  for  manure, 
there  was  a  difference  in  the  quantity  of  the  produce  obtained  in 
the  two  seasons,  of  from  nearly  32  to  over  35  bushels  of  com, 
besides,  in  one  case,  nearly  a  ton  of  straw. 

Not  only,  then,  has  the  average  produce .  over  twenty  years, 
by  artificial,  nitrogenous  and  mineral,  manures,  considerably  ex- 
ceeded the  average  barley  crop  of  the  country  with  rotation, 
but  the  difference  between  the  produce  by  one  and  the  same 
manure  in  the  least  and  the  most  favourable  seasons  of  the 
twenty  was,  itself,  not  much  less  than  would  represent  the 
average  barley  crop  of  many  localities. 

As  we  have  in  substance  frequently  said,  it  is  but  a  truism  to 
assert  that  the  growing  plant  must  have  within  its  reach  a 
Bu£Bciency  of  the  mineral  constituents  of  which  it  is  to  be  built 
up.  But  the  results  obtained  with  barley,  as  well  as  those  with 
wheat,  have  shown  that,  whilst  it  is  essential  that  there  be  a 
liberal  provision  of  mineral  constituents  within  the  soil,  the 
amount  of  produce  is  more  dependent  on  the  supply  by  manure 
of  available  nitrogen  than  of  any  other  constituent. 

The  practical  question  obviously  arises — How  much  ammonia, 
or  its  equivalent  of  nitrogen  in  some  other  form,  will,  on  the 
average,  be  required  to  yield  a  given  amount  of  increase  of 
wheat  or  barley  grain,  and  its  proportion  of  straw  7 

In  our  Report  on  the  growth  of  wheat  for  twenty  years  in 
succession  on  the  same  land,  it  was  shown  that  the  quantity  of 
increase  obtained  for  a  given  amount  of  ammonia,  or  its  equi- 
valent of  nitrogen,  in  manure,  varied  exceedingly  according  to 
the  amount  applied^  to  the  provision  of  mineral  constituents  within 
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the  soily  and  to  the  seasons.  It  was,  however,  stated,  as  a  general 
practical  conclusion,  that,  under  the  conditions  the  most  cooa- 
parable  with  those  of  ordinary  practice,  approximately  5  lbs.  of 
ammonia,  or  its  equivalent  of  nitrogen,  were,  on  the  average, 
required  to  yield  1  bushel  increase  of  wheat,  and  its  proportion 
of  straw. 

In  like  manner  the  experiments  with  barley  have  shown  a 
▼ery  wide  variation  in  the  amount  of  ammonia  required  to  yield  a 
given  quantity  of  increase,  according  to  the  amount  applied^  to  the 
provision  of  mineral  constituents  within  the  soil,  and  to  the  seasons. 

Thus,  with  superphosphate  and  200  lbs.  of  ammonia-salts  per 
acre  per  annum,  for  six  years,  3*26  lbs.,  but  with  400  lbs.  506 
lbs.  of  ammonia  were  required  to  produce  1  jbushel  increase  of 
barley-grain  and  its  straw.  *"  ^^ 

Again,  with  200  lbs.  of  ammonia-salts  for  twenty  years,  there 
were  required— on  three  plots  where  it  was  used  widi  superphos- 
phate 2*13,  2*41,  and  2*10  lbs. ;  on  one  plot  where  it  was  used 
with  salts  of  potash,  soda,  and  magnesia,  without  superphos- 
phate, 3*59  lbs. ;  and  on  one  without  any  mineral  manure  at  all, 
3*68  lbs.  of  ammonia  to  yield  1  bushel  of  barley  and  its  straw. 

Lastly,  with  only  200  lbs.  of  ammonia-salts  per  acre  per  annum, 
and  with  superphosphate  also  applied,  the  difference  in  the 
amount  of  ammonia  required  to  yield  1  bushel  of  increase  was, 
according  to  season^  from  about  1^  lb.  in  the  two  most  favourable, 
to  5*36  and  4'4.8  lbs.  in  the  two  least  favourable  seasons  ;  whilst, 
with  only  the  same  moderate  amount  of  ammonia-salts,  but  used 
without  superphosphate,  or  without  any  mineral  manure  at  all,  the 
difference  in  result  according  to  season  was  very  much  greater  still. 

Notwithstanding  these  very  considerable,  and  very  significant 
variations,  it  may  be  concluded,  from  a  review  of  the  whole  of 
the  data  bearing  on  the  point,  that  when  an  increase  of  barley 
is  obtained  by  means  of  artificial  manures,  such  as  salts  of 
ammonia,  nitrate  of  soda,  or  Peruvian  guano,  an  increase  of  1 
bushel  of  grain,  and  its  straw,  may,  taking  the  average  of  seasons, 
be  calculated  upon  for  every  2  to  2^  lbs.  of  ammonia  (or  its 
equivalent  of  nitrogen,  1*65  to  1*86  lbs.)  supplied  in  the  manure 
— provided  the  quantity  applied  be  not  excessive,  and  there  be 
no  deficiency  of  mineral  constituents  within  the  soil.  When, 
however,  rape-cake  is  used,  rather  more  nitrogen  in  that  form 
will  be  required  to  yield  a  given  increase ;  but  when  the  increase 
is  obtained  by  sheep- folding,  or  by  farmyard  manure,  very  much 
less  increase  will  be  yielded  in  the  year  of  the  application,  in 
pro|)ortiomto  the  nitrogen  contained  in  the  manure. 

Thus,  whilst  it  was  concluded  that,  on  the  average,  about 
5  lbs.  of  ammonia  (or  its  equivalent  of  nitrogen)  were  required 
to  yield  1  bushel  of  increase  of  wheat,  and  its  proportion  of 
straw,  it  is  now  assumed  that  only  2  to  2^  lbs.  of  ammonia  are 


for  Ttcenty  Years  in  succession  on  the  same  Land.        171 

required  to  produce  1  bushel  increase  of  barley,  and  its  straw. 
Bat  whilst  an  average  bushel  of  wheat  may  be  reckoned  to 
weigh  61  lbs.,  and  its  average  proportion  of  straw  105  lbs.,  an 
average  bushel  of  barley  will  weigh  only  52  lbs.,  and  its  straw 
only  63  lbs.  Hence,  whilst  it  required  5  lbs.  of  ammonia  in 
manure  to  yield  61  lbs.  of  wheat-grain,  and  105  lbs.  of  straw  = 
166  lbs.  of  total  produce,  it  only  requires  from  2  to  2^  lbs.  to  yield 
52  lbs.  of  barley-grain  and  63  lbs.  of  straw  =  115  lbs.  of  total 
produce.  In  other  words,  for  the  production  of  100  lbs.  in- 
crease of  total  produce  of  wheat,  it  required  3  lbs.,  and  for  the 
production  of  100  lbs.  increase  of  barley  (containing  a  larger 
proportion  of  grain,  but  about  the  same  amount  of  nitrogen)  it 
required  only  from  about  If  to  2  lbs.  of  ammonia  in  manure. 
That  is  to  say,  it  required  much  more  ammonia  to  yield  a  given 
amount  of  increase  when  applied  in  the  autumn  for  wheat^  than 
when  in  the  spring  for  barley. 

The  following  questions  obviously  suggest  themselves : — 

What  proportion  of  the  nitrogen  supplied  in  manure  will  pro- 
bably, on  the  average,  be  recovered  in  the  increase  of  the  crop 
for  which  it  is  applied  ? 

Will  the  at  first  unrecovered  amount  have  any  marked  effect 
on  the  immediately  or  early  succeeding  crops  ? 

Will  there  be  any  residue  retained  by  the  soil  and  the  subsoil, 
in  such  a  state  of  combination,  and  distribution,  as  only  to  be 
yielded  up,  if  ever,  in  the  course  of  a  long  series  of  years  ? 

Will  there  be  any  drained  away  and  lost  ? 

Lastly,  will  the  answers  arrived  at  on  these  points,  in  regard 
to  wheat  or  to  barley,  be  equally  applicable  to  both  crops  ? 

With  regard  to  the  proportion  of  the  nitrogen  of  artificial 
manures  recovered  in  the  increase  of  crop  obtained  by  their 
use,  in  former  papers  it  has  been  estimated,  taking  the  average 
over  a  comparatively  limited  number  of  years,  that  about  40 
per  cent,  was  recovered  in  the  increase  of  wheat,  of  barley,  and 
of  meadow-hay  indifferently.  But,  by  the  aid  of  numerous  new 
determinations  of  nitrogen  in  the  produce  of  wheat  for  twenty 
years,  of  barley  (or  twenty  years,  and  of  oats  for  three  years,  it  now 
appears  that,  with  the  same  mixed  mineral  manure  in  each  case, 
and  the  same  amount  of  ammonia-salts  applied  in  the  autumn 
for  wheat,  and  in  the  spring  for  barley  and  for  oats,  rather  less 
than  one- third  c«f  the  supplied  nitrogen  has  been  recovered  in 
the  increase  of  the  wheat,  but  nearly  one-half  in  that  of  the 
barley  and  the  oats.  When,  however,  there  were  applied,  even 
for  wheat,  the  same  mineral  manure  and  nitrate  of  soda,  the 
latter  sown  in  the  spring,{a  not^much  less  proportion  of  its  nitro- 
gen was  recovered  in  the  increase  of  the  crop,  than  in  the  case 
of  the  ammonia^alts  applied  for  barley  in  the  spring,  or  of  the 
ammonia-salts  or  nitrate  of  soda  applied  for  oats  in  the  spring. 
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Not  only,  then,  did  a  given  amount  of  nitrogen,  supplied  as 
ammonia-salts,  yield  much  more  increase  of  produce  in  die  years 
of  its  application,  when  applied  in  the  spring  for  barley  than 
when  in  the  autumn  for  wheat,  but  a  larger  proportion  of  it 
was  recovered  in  the  increase  of  the  spring-sown  crop. 

The  field  experiments  have  further  shown,  that  the  at  first 
unrecovered  amount  yielded  scarcely  any  increase  at  all  in 
succeeding  years  in  the  case  of  the  wheat,  but  a  considerable 
increase  in  that  of  the  barley. 

With  both  crops,  however,  there  remained  a  considerable 
amount  of  the  supplied  nitrogen  not  recovered  in  either  the  at 
first,  or  the  early  succeeding,  increase  of  produce ;  but  there  is 
obviously  very  much  more  to  be  otherwise  accounted  for  in  the 
case  of  the  autumn-sown  wheat  than  of  the  spring-sown  barley. 

With  regard  to  retention  by  the  soil,  the  results  of  the  analysis 
of  samples  of  the  soils  of  many  of  the  differently  manured  plots 
in  the  experimental  wheat-field,  taken  in  all  down  to  a  depth  of 
27  inches,  showed  that  a  considerable  amount  of  the  nitrogen 
which  had  been  supplied  in  the  manure,  and  not  recovered  in 
the  increase  of  crop,  was  accumulated  within  the  soil;  bnt  it 
was  concluded  that  a  larger  proportion  remained  unaccounted 
for  to  the  depth  examined,  than  was  there  traceable,  and  that 
some  of  this  had  passed  off  by  the  drains,  and  some  into  the 
lower  strata  of  the  subsoil. 

With  regard  to  loss  by  drainage,  numerous  analyses,  by  Or. 
Voelcker  and  Dr.  Frankland,  of  the  drainage  waters  from  the 
Rothamsted  experimental  wheat-plots,  confirmed  the  supposition 
that  there  had  been  a  considerable  loss  of  the  nitrogen  of  the 
manures  in  that  way.  They  showed  that  the  quantity  of  nitnites 
in  the  drainage-water  was  the  greater  the  greater  the  amount  of 
ammoniarsalts  applied ;  and  that,  after  autumn-sowing,  the  quan- 
tity was  very  much  greater  in  the  winter  than  subsequently  in 
the  spring  and  summer. 

Calculation  showed  that,  for  every  1  part  of  combined 
nitrogen  per  100,000  parts  of  drainage-water,  there  will  be  a 
loss  of  i\  lbs.  of  nitrogen  per  acre  for  every  inch  of  rain 
passing  beyond  the  reach  of  the  roots  as  drainage  of  that  strength. 
In  one  case  of  winter-drainage,  after  an  application  of  600  lbs. 
of  ammonia-salts  per  acnre  in  the  autumn.  Dr.  Frankland's 
analysis  showed  7*841  parts  of  nitrogen  per  100,000  parts  of 
water,  corresponding  to  a  loss  of  nearly  18  lbs.  of  nitrogen  per 
acre,  provided  (which,  however,  is  not  probable)  that  an  inch 
of  rain  had  passeid  as  drainage  of  that  strength. 

As  would  be  expected,  as  the  nitrate  of  soda  was,  even  for 
wheat,  always  sown  in  the  spring,  the  autumn  and  winter- 
drainage  from  the  nitrated  plot  always  contained  much  less 
nitrogen  than  that  collected  at  the  same  date  from  the  plots 
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manured  with  ammonia«saIt8  in  the  autumn.  Owing,  however, 
to  the  much  less  capacity  of  a  given  surface  of  soil  for  the 
absorption  of  nitrate  of  soda,  or  other  nitrates  arising  from  its 
decomposition,  than  of  the  ammonia  of  ammonia-salts,  heavy 
rains,  soon  after  sowing,  would  carry  off  more  of  the  nitrogen  from 
nitrate  of  soda  than  from  a  corresponding  dressing  of  ammonia- 
salts.  In  one  case  Dr.  Voelcker  found,  in  the  drainage  collected 
from  the  nitrated  plot  soon  after  a  dressing  of  550  lbs.  of  nitrate  per 
acre  (  =  400  lbs.  ammonia-salts),  applied  in  the  spring,  5  *  83  parts 
of  nitrogen  per  100,000  parts  of  water,  corresponding  to  a  loss 
of  about  13  lbs.  of  nitrogen  per  acre  per  inch  of  rain  passing. 

These  facts,  showing  how  great  may  be  the  loss  of  the 
nitrogen  of  manure  by  drainage,  are  obviously  of  the  greatest 
practical  importance,  and  demand  very  serious  consideration. 

Owing  to  the  difficulty  of  determining  with  certainty,  either 
the  total  amount  of  nitrogen  retained  by  the  soil  within  the  reach 
of  the  roots,  the  proportion  of  the  total  rain  which  would  pass 
beyond  the  reach  of  the  roots,  or  the  average  composition  of  the 
drainage-water,  absolute  proof  whether,  the  whole  of  the  supplied 
nitrogen  which  is  not  recovered  in  the  crop  is  either  retained  by 
the  soil,  or  lost  by  drainage,  is  not  at  command.  Still,  a 
consideration  of  such  data  as  are  available  in  reference  to  the 
points  here  indicated,  points  to  the  conclusion  that  the  whole 
of  the  nitrogen  which  was  applied  as  ammonia-salts  or  nitrate  of 
soda  to  the  wheat  was  either  recovered  in  the  increase  of  crop^ 
accumulated  within  the  soil^  or  lost  by  drainage. 

As  already  said,  as  the  proportion  of  the  nitrogen  of  ammonia- 
salts  which  was  recovered  in  the  increase  of  produce  was  much 
greater  in  the  experiments  with  barley  than  in  those  with  wheat, 
there  remained  of  course  much  less,  in  its  case,  to  be  accounted 
for  by  accumulation  in  the  soil,  and  by  drainage. 

Only  few  determinations  of  nitrogen  have  as  yet  been  made 
in  the  soils  of  the  barley  plots ;  but,  so  far  as  can  be  judged  from 
the  results  obtained  hitherto,  it  seems  probable  that  there  is  less 
accumulation  than  in  the  case  of  the  wheat,  especially  in  the 
lower  layers.  It  seems  pretty  certain,  too,  that  there  must  be 
much  less  loss  by  drainage ;  but,  as  the  experimental  barley-field 
is  not  artificially  drained,  no  direct  evidence  can  be  adduced  on 
the  point  It  may  be  observed,  however,  that  as  the  ammoniar 
salts  are  sown  for  the  barley  in  the  spring,  when  the  soil  is  in  a 
porous  condition,  when  there  is  comparatively  little  risk  of  wash- 
ing out,  and  when  growth  almost  immediately  succeeds,  there 
will  be  a  less  immediate  and  wide  distribution  of  the  ammonia, 
or  of  the  nitrate  resulting  from  its  oxidation,  a  larger  proportion 
at  once  taken  up  by  the  growing  crop,  and,  probably,  a  larger 
proportion  fixed  near  the  surface  before  the  winter-rains,  and 
remaining  available  there  for  succeeding  crops. 
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Not  only,  then,  do  the  results  point  to  a  satisfactory  explanation 
of  the  loss  of  nitrogen  which  has  been  observed  in  the  ose  of 
artificial  nitrogenous  manures,  but  also  of  the  much  greater  loss 
when  they  are  applied  in  the  autumn  for  wheat,  than  when  in 
the  spring  for  barley  or  for  oats.  In  confirmation  of  the  expla* 
nation  on  the  latter  point,  may  be  cited  the  facts  that,  not  only 
was  there  on  the  average  much  more  increase  even  of  wheat,  and 
much  more  nitrogen  recovered  in  the  increase,  when  a  given 
amount  of  it  was  applied  as  nitrate  of  soda  in  the  spring  than 
when  as  ammonia-salts  in  the  autumn,  but  the  difference  in 
favour  of  the  spring-sown  manure  was  especially  marked  after 
unusually  wet  autumns  and  winters. 

There  is  another  point  to  notice  in  connection  with  the  action 
of  nitrate  of  soda.  A  given  surface  of  soil  has  much  less 
power  to  retain  either  nitrate  of  soda,  or  other  nitrates,  than  am- 
monia, and  so  far  their  nitrogen  is,  cceteris  paribus^  more  liable 
to  loss  by  drainage.  Yet,  when  frequently  used  on  the  same 
land,  such  was  the  effect  of  the  nitrate,  or  its  products  of  decom- 
position, aided  by  increased  development  of  root,  in  causing  the 
disintegration,  and  so  increasing  the  porosity  and  surface  of  the 
clay  subsoil,  that  there  would  appear  to  have  been  not  only  a 
greater  retention  of  moisture  in  an  available  form  by  the  subsoil, 
rendering  the  growing  crop  more  independent  of  drought,  but 
also  a  greater  retention  of  nitrates  than  would  be  anticipated 
considering  their  solubility,  and,  hence,  a  more  lasting  eflect 
from  previous  applications  than  would  otherwise  be  expected. 
On  the  other  hand,  where,  as  in  the  case  of  the  experiments  at 
Rothamsted,  nitrate  of  soda  has  been  used  in  large  quantities  so 
many  years  in  succession,  the  surface  soil  has  retained  %o  much 
moisture  as  to  be  difficult  to  work  a/ter  wet  weather. 

The  results  have  shown,  that  a  considerably  less  proportion  of 
the  nitrogen  applied  as  rape-cake,  than  as  either  ammonia-salts  or 
nitrate  of  soda,  was  recovered  in  the  increase  of  crop  within  a 
given  period  of  time,  and  again  considerably  less  of  that  applied 
in  farmyard  manure  than  in  rape-cake.  Owing  to  the  slow 
decomposition  of  the  nitrogenous  organic  matter  of  these  ma- 
nures, their  nitrogen  is  necessarily  but  slowly  available.  It 
would  appear,  however,  to  be,  at  the  same  time,  less  subject  to 
loss  by  drainage;  and  analysis  has  shown  that  a  large  pro- 
portion of  their  nitrogen  is  retained  by  the  soil,  becoming  but 
very  gradually  available  for  a  considerable  length  of  time. 
Indeed,  analysis  showed  that  where  farmyard  manure  had  been 
applied  for  wheat  every  year  for  twenty-five  years  in  succession, 
the  top  9  inches  of  soil  contained  nearly  twice  as  high  a  per- 
centage of  nitrogen  as  the  corresponding  layers  of  any  of  the 
artificially  manured  plots,  which,  though  they  received  much 
less  nitrogen  annually,  as   ammonia-salts    or    nitrate   of   soda, 
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neverthelen  yielded  larger  crops.  Still,  there  is  a  large  amount 
of  the  nitrogen  of  the  dang  not  yet  satisfactorily  accounted  for ; 
but,  whether  there  will  be  an  ultimate  loss  of  a  greater  or  less 
proportion  of  that  supplied,  than  when  ammonia-salts  or  nitrate 
of  soda  is  used,  the  data  at  present  at  command  do  not  enable  us 
to  determine  with  certainty. 

It  is,  then,  established,  that  there  is  a  great  liability  to  loss  by 
drainage  of  the  nitrogen  of  manures,  the  available  amount  of 
which,  more  than  of  any  other  constituent,  rules  the  amount  of 
produce,  under  the  existing  conditions  of  British  agriculture. 
The  mineral  constituents  being,  however,  equally  essential  for 
growth,  it  is  obviously  important  to  have  some  direct  experi- 
mental evidence  showing  whether  or  not  they  are  also  liable  to 
sach  los& 

The  field  experiments  with  wheat  have  afforded  conclusive 
evidence  of  the  marked  effect  of  potass  and  phosphoric  acid 
supplied  more  than  twenty  years  previously,  when  nitrogenous 
manures  were  afterwards  applied  to  render  them  available; 
and,  not  only  are  the  results  of  the  analysis  of  the  produce  con- 
sistent with  this,  but  the  analysis  of  the  soils  has  shown  their 
accumulation,  and  that  of  the  drainage- waters  their  compara- 
tively little  liability  to  loss  in  that  way.  Indeed,  it  may  be  con- 
cluded that,  at  any  rate  in  the  case  of  the  heavier  soils,  these 
constituents,  which,  by  the  sale  of  corn  and  meat,  would  other- 
wise be  the  most  likely  to  become  relatively  deficient,  and  which 
in  that  point  of  view  are  the  most  important  to  consider,  are 
almost  wholly  retained  within  the  reach  of  the  roots. 

'  Let  it  be  granted — that,  in  one  field  at  Rothamsted,  wheat, 
and  iii  another  barley,  have  been  grown  for  many  years  in 
succession,  the  same  manure  being  applied  to  the  same  plot  year 
after  year;  that,  under  these  circumstances,  it  has  been  found 
that  mineral  manures  alone  have  little  or  no  effect,  that  nitro- 
genous manures  alone  have  very  much  more,  and  that  nitrogenous 
and  mineral  manures  together  will  continue  to  yield  as  large 
crops  as  farmyard  manure  annually  applied,  and  much  larger 
than  the  average  produce  of  the  country  under  rotation.  It  may 
still  be  asked,  whether  conclusions  drawn  from  results  obtained 
under  such  unusual  conditions  may  be  trusted  as  any  guide  to 
the  requirements  of  the  crops  when  grown  on  any  other  land,  or 
in  the  ordinary  course  of  farming  ? 

In  our  paper  on  the  growth  of  wheat  for  twenty  years  in  suc- 
cession on  the  same  land  ('  Journal  of  the  Royal  Agricultural 
Society  of  England,'  vol.  xxv.,  pp.  491-494),  we  adduced  the 
results  of  direct  experiments,  made  not  only  in  another  field  at 
Rothamsted,  but  also  in  other  localities,  on  soils  of  very  different 
description,  and  in  very  different  condition.     The  result  in  each 
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case  was,  as  in  the  experimental  field,  that  there  was  bat  little 
increase  by  mineral  manures  alone,  much  more  bj  ammonia-salts 
alone,  and  more  still  by  ammonia^alts  and  mineral  manare 
together.  We  further  stated  our  conviction,  founded  on  a  very 
extensive  acquaintance  with  the  practical  experience  of  ianners 
in  the  use  of  artificial  manures  in  every  district  of  Great  Britain 
for  many  years,  that,  in  99  cases  out  of  100  in  which  wheat  is 
grown  in  the  ordinary  course  of  agriculture  with  rotation,  the 
supply  of  immediately  available  mineral  constituents  is  in  excess 
relatively  to  the  immediately  available  supply  of  nitrogen. 

In  our  former  paper  on  the  growth  of  barley,  and  again  in 
Section  V.  of  the  present  paper,  evidence  of  a  similar  kind  is 
adduced  in  regard  to  that  crop.  Two  sets  of  experiments  are 
quoted.  In  one,  barley  was  grown  for  three  years  in  succession 
on  a  series  of  plots  which  had  previously  been  differently  ma- 
nured, and  grown  ten  crops  of  turnips  in  succession.  In  the 
other,  it  was  grown  in  four*course  rotation,  without  manure,  and 
with  different  descriptions  of  manure.  The  evidence  of  these 
other  experiments  is  entirely  confirmatory  of  the  conclusion, — 
that  mineral  manures  alone  will  not  yield  fair  crops  of  barley, 
and  that  an  essential  condition  for  the  gprowth  of  full  crops, 
whether  in  rotation  or  under  less  usual  conditions,  is  a  liberal 
supply  of  available  nitrogen  within  the  soil. 

Further,  as  in  the  case  of  wheat,  so  also  in  that  of  barley,  the 
common  experience  of  the  country  at  large,  in  the  use  of  artificial 
manures  to  that  crop,  is  entirely  confirmatory  of  the  conclusions 
to  which  the  results  of  the  experiments  on  its  growth  year  after 
year  on  the  same  land  would  lead. 

It  may  here  be  remarked,  that  the  greater  liability  to  loss  by 
drainage  of  the  nitrogen,  than  of  the  more  important  minend 
constituents  of  manure,  is  doubtless  one  element  in  the  explana- 
tion of  the  fact  of  the  prevailing  excess  of  available  mineral 
eonstituents,  relatively  to  available  nitrogen,  in  soils  generally, 
under  the  ordinary  course  of  agriculture  in  this  country. 

Those  who  have  examined  for  themselves  the  evidence  that  has 
been  adduced,  and  carefully  considered  the  conclusions  that  have 
been  drawn,  in  reference  to  the  greatnumberof  points  which  this 
enquiry  has  opened  up,  will  probably  feel  that  they  do  not  require 
any  specific  receipts  to  be  laid  down  for  their  guidance,  and  that 
they  will  profit  more  by  the  direction  which  the  study  of  the 
facts  must  give,  to  their  own  observation  and  reflections  on  what 
comes  before  them  in  the  course  of  their  daily  experience. 
Indeed,  under  any  circumstances,  it  must  be  left  to  the  intelli- 
gence and  the  judgment  of  the  individual  farmer  to  decide  upon 
the  degree  in  which  any  special  recommendations  will  be  appii* 
cable  to  his  own  particular  soil,  and  other  circumstances. 
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Still,  in  bringing  this  long  report  to  a  conclusion,  a  few  words 
should  be  offered  by  way  of  pointing  out  the  more  directly 
practical  application  of  the  results. 

For  twenty  years  in  succession  on  the  same  land,  an  annual 
expenditure  of  less  than  3Z.  per  acre  in  artificial  manures  has 
yielded  an  average  produce  of  6  quarters  of  dressed  barley,  of 
good  quality,  and  nearly  1^  ton  of  straw.  Any  practical  farmer 
can  estimate  what  would  be  the  additional  expense  upon  the 
crop,  in  the  way  of  rent,  cultivation,  harvesting,  bringing  to 
market,  &c. ;  and,  having  done  so,  the  result  will  doubtless  show 
a  considerable  profit 

The  soil  at  Rothamsted  is  more  suitable  for  wheat  than  it  is 
for  the  growth  of  barley  after  roots,  as  is  the  common  practice  of 
the  locality ;  but,  the  facts  show  that  it  will  nevertheless  grow 
large  crops,  of  good  quality,  under  favourable  circumstances. 
Indeed,  it  may  be  laid  down  as  a  general  rule,  applicable  to  the 
country  at  large,  that,  on  the  heavier  soils,  full  crops  of  barley,  of 
good  quality,  may  be  grown  with  great  certainty  after  a  preceding 
corn  crop,  under  the  following  conditions : — 

First  of  all,  it  is  essential  that  the  land  be  got  into  good  tilth* 
It  should  be  ploughed  up  when  dry,  as  soon  as  practicable  after 
the  removal  of  the  preceding  crop*  In  the  spring  it  should  be 
prepared  for  sowing,  by  ploughing  or  scu£9ing,  as  early  in  March 
as  possible,  if  sufficiently  dry. 

The  artificial  manure  employed  should  contain  nitrogen,  as 
ammonia  or  nitrate  (or  organic  matter),  and  phosphates. 

From  40  to  50  lbs.  of  ammonia  (or  its  equivalent  of  nitrogen 
as  nitrate)  should  be  applied  per  acre.  These  quantities  would 
be  supplied  in — 

li^  to  2  cwts.  of  sulphate  ammonia,  or— 
If  to  2^  cwts.  of  nitrate  of  soda. 
With  either  of  these  there  should  be  employed — 

2  to  3  cwts.  mineral  superphosphate  of  lime. 

Of  late  years  the  composition  of  Peruvian  guano  has  been  so 
variable  and  uncertain,  that  it  is  quite  impossible  to  estimate 
how  much  of  it  would  be  required  to  supply  nitrogen  equal  to 
from  40  to  50  lbs.  of  ammonia.  It  is  impossible,  therefore,  under 
such  circumstances,  to  recommend  it.  If,  however,  the  agents  of 
the  Peruvian  Government  manufacture  their  guano  into  a  sub- 
stance of  uniform  quality,  and  will  guarantee  to  deliver  it  of  a 
stated  composition,  it  would  be  quite  otherwise ;  and,  as  the  guano 
itself  contains  phosphates,  if  the  ammonia  required  were  pur- 
chased in  that  form,  superphosphate  need  not  be  also  employed. 

Rape-cake  is  also  a  good  manure  for  barley.  From  6  to  8  cwts. 
would  supply  about  as  much  nitrogen  as  would  be  equal  to  from 
40  to  50  lbs.  of  ammonia.     But,  a  smaller  proportion    of  the 
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nitrogen  of  rape-cake,  than  of  sulphate  of  ammonia,  nitrate  of 
soda,  or  Peruvian  guano,  will  be  effective  within  a  given  time. 
In  the  experiments  at  Rothamsted  about  9  cwts.  of  rape-cake 
per  acre  per  annum,  gave  an  average  annual  produce,  over  14 
years  in  succession,  of  44  bushels  of  dressed  com,  of  nearly 
55  lbs  per  bushel.  With  rape-cake,  as  with  guano,  the  additicRi 
of  superphosphate  is  unnecessary. 

Whatever  manure  be  used,  it  should  be  broken  op,  finely 
sifted,  sown  broadcast,  and  harrowed  in  with  the  seed. 

Economy  in  the  cost  of  the  nitrogen  is  the  essential  point  to 
be  considered  in  the  selection  of  the  manure  to  be  used.  To 
enable  the  farmer  to  make  an  advantageous  choice,  according  to 
the  market  price  of  the  different  manures  at  the  time,  it  may  be 
useful  to  state,  as  a  basis  of  the  calculation,  that  1  cwt  of  nitrate 
of  soda,  of  the  quality  usually  imported,  contains  nitrogen  eqaal 
to  21  lbs.  of  ammonia ;  and  if  the  nitrate  cost  \bs.  9d.  per  cwL, 
that  will  be  equivalent  to  9<2.  per  lb.  for  ammonia,  or  15^.  per 
ton  for  every  1  per  cent,  of  ammonia  (or  nitrogen  equal  ammonia) 
which  the  manure  contains.  According  to  the  experiments  at 
Rothamsted,  it  would  appear  that,  at  equivalent  prices,  a  given 
amount  of  nitrc^en  as  nitrate  of  soda  may,  in  the  long  run,  be 
more  effective  than  an  equal  amount  as  ammonia ;  for,  contrary 
to  the  current  opinion,  the  full  effect  of  the  nitrate  was  not  obtained 
until  it  had  been  used  for  some  years  on  the  same  plot 

The  liability  to  loss  of  the  nitrogen  of  manure  by  drainage  has 
been  shown  to  be  very  great.  It  will,  of  course,  vary  very  much, 
according  to  the  characters  of  the  soil  and  subsoil,  and  of  the 
seasons.  But  as  it  is  much  greater  during  the  late  autumn  and 
winter  months,  than  in  the  spring  and  summer,  nitrate  of  soda, 
sulphate  of  ammonia,  or  Peruvian  guano,  should  always  be  sown 
in  the  spring ; — for  wheat  as  a  top-dressing  in  March,  and  for 
barley,  or  oats,  as  described  above. 

By  a  more  liberal  application  of  manure  per  acre  for  the  root- 
crop,  the  area  devoted  to  it  may  be  considerably  reduced  with 
comparatively  little  reduction  in  the  amount  of  the  crop  on  the 
farm  as  a  whole.  Barley  might  then  be  grown  more  frequently, 
with  an  increase  of  profit  to  the  cultivator,  and  without  lessening 
the  renting  value  of  the  land. 


Bothamsted,  July,  1878. 
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54-6 

52-3 
53-2 
53-0 
58*4 

1  0. 

2  0. 

3  0. 

4  0 

»-7 

.Wl 

52*8 

58-1 

55*8 

54*0 

54*1 

55-5 

52-0 

54-1 

53-0 

Means 

»*4 

17-0 
16-4 
W6 

53-8 
52-7 
64-7 
53-5 

50-9 
54-4 
52*  1 
54-7 

51-3 
54-1 
51*9 
54*3 

53*8 
54*6 
54-8 
55*6 

52*4 
57-0 
54-6 
57-4 

54*6 
67*2 
55-4 
57'1 

55-6 
55-0 
56-1 
56*5 

51*2 
51*8 
51*5 
52*2 

53-6 
55-1 
54' 1 
55*7 

52*1 
53-5 
52-8 
54*0 

1  A. 

2  A. 

3  A. 

4  A. 

K-6 

53-7 

58-0 

52*9 

.54*6 

55-4 

56-1 

55*8 

51-6 

54*5 

53*1 

Means 

15-5 
J7-2 
»6-5 
^7-6 

53-5 
52*3 
54-8 
53-3 

50-9 
55-0 
51-4 
55-4 

52*4 
54- 1 
51-9 
54-6 

53-7 
55*6 
55-1 
56-0 

58*1 
57-2 
53-7 
57*1 

54*5 
56*9 
54-6 
57*1 

54-1 
55  9 
54*3 
56-3 

50-8 
51-2 
50-8 
51*1 

53*2 
55*4 
53-8 
55*8 

52*0 
53*3 
52*3 
53-4 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

W-7 

53-5 

58*2 

53-3 

55*1 

55*3 

55-8 

55-2 

51-0 

54-6 

62*8 

Means 

(6-1 
i7  2 
\T2 

w-o 

54-2 
52-4 
54-8 
53-1 

51-8 
55-6 
52-5 
55-3 

53-5 
55*  1 
53-0 
54-1 

54-2 
56*2 
55*5 
56-2 

54*8 
57-4 
56*6 
57-8 

55*0 
57*4 
55-9 

57-8 

54-6 
55*6 
53-8 
55-4 

/53*9 

(n  55-1 

^^  54*4 

(54*9 

54*6 
56-7 
55-5 
56*8 

54*3) 
55*9  n 
55*0  ^  ^ 
55-8J 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

(6-9 

53-6 

53-8 

53-9 

55*5 

56-7 

56*5 

54*9 

54*6 

55*9 

55*2 

Means 

S7-0 
i7-3 

n-2 

53-8 
53-8 
53-8 
53-5 

55-1 
55-7 
55-3 
55-6 

54*4 
65-0 
54*7 
54-8 

56-2 
56-1 
56  8 
.55-4 

56*7 
57*1 
57*1 
57*4 

57*5 
57-8 
57*6 
58-0 

56-3 
56*4 
56*8 
56*4 

51*7 
51*7 
51*7 
51-4 

55-8 
56*0 
55-8 
55*9 

53*8 
58  9 
58*7 
53-6 

1  C. 

2  C. 

3  C. 

4  C. 

17-1 

53-5 

55*4 

54-7 

55*9 

57-1 

.57-7 

56-4 

51-6 

55-9 

53*8 

Means 

S6-0 
56-5 

B6-8 
57-6 
»-5 

56-0 
55*8 

57-4 

54-1 
53-8 

54-4 
54*5 
54-1 

53-9 
53*9 

54-4 

52-0 
52*8 

52-9 
53-4 
54-8 

51-8 
51*8 

54-9 

52-9 
52*7 

53*9 
54*0 
55-2 

520 
52*5 

54*8 

52*8 
55-5 

54-0 
56-4 
57*5 

53*5 
53-8 

57-1 

54*3 
54*8 

54-0 
55-6 
57-5 

52*8 
52*9 

56*4 

55-6 
55*8 

55-8 
55*9 
57*3 

54-0 
54*6 

57-1 

54-6 
54*6 

55*0 
55-1 
55*5 

55-4 
54-9 

56*6 

y\5i-i 

(•)(51-8 

(*)(52*0 

51  9 

51*5 
51  6 

62-6 

1 

53-7 
54*2 

54*2 
54*8 
65-7 

53-5 
53-6 

56-0 

52-7Un 
5-2*  7^  ^ 

53- 2)0 
53-4)0) 
53-8 

52-5 
52*6 

54*8 

1  N. 

2  N. 

M. 
5  O. 
.  5  A. 

5}' 

1 

1 

7 

ind  total  19  yean.  (»)  Averages  of  7  years  (1855-61),  last  10  years,  and  totai  17  yars. 

^  10  years,  and  total  19  years.  • 
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Report  of  Experiments  on  the  Grouch  of  Jiarky^ 


ExPBEiaiENTs  on  the  Growth  of  Bablbt  year  after  year  on  the 

APPEXDIX-TAIL 
[X.B.  The  doable  Tertical  lines  show  that  there  was  a  change  in  the  descripdoB,  «r 


PLOTS 


HARVESTS. 


1862. 


1868.    1864. 


1  O. 

2  O. 

3  U. 

4  O. 

Means 

1  A. 

2  A. 

3  A. 

4  A. 

Means 

1  AA. 

2  AA 

3  AA. 

4  AA. 

Means 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

Means 

1  C. 

2  C. 

3  0. 

4  C. 

Means 

1  N. 

2  N. 

M. 

5  O. 
5  A. 

<\ 


lbs. 

164 

100 

183 

136 


lbs. 

225 

101 

151 

160 


146 


159 


218 

253 

260 

244 

252 

336 

273 

274 

251 


299 
315 
318 
246 


277 


1866. 


1866. 


1867. 


1868. 


\ 


lbs. 

84 
101 

64 
105 


89 


201 
150 
197 
138 


172 


303 
251 
236 
301 


lbs. 

144 
69 
76 
94 


96 


138 
184 
177 
142 


lbs. 
131 

58 
129 

88 


102 


219 
121 
180 
125 


lbs. 
93 

106 
61 
53 


78 


160 


326 
329 
334 
278 


294 


273 


'l2 


170 
164 
190 
144 


167 


}     (94) { 


(173)1 
178 

120 
118 

101 


268 
376 
296 
277 


316 


178 
238 
248 
227 


304 


283 
228 


68 
210 

200 
161 

269 


223 


109 
286 


113 
170 

144 
119 

86 


204 
181 
212 
1.50 


187 


219 
195 
183 
222 


205 


128 
224 

36 

50 

126 

116 
73 

109 


161 


310 
233 
290 
176 


113 

88 
9l| 
70 1 


91 


IbSL 

86 
103 

96 
108 


98 


98 
114 

96 
117 


lbs. 
110 
159 
85   i 
160  t 


.1. 


184  I 
274  t 

175  I 
253 


135 
133 

108 1 
183 1 


106 


252 


173 

161 
189 
205 


182 


245 
193 

94 

96 

161 

152 
125 

141 


140 


88 
134 
118 
143 


121 


135 

169  I 

156 

168 


103 
148 
105 
125 


157 


99 

151 1 

90 

101 

68 

72 
105 

134 


223 


215 
320 

265 
285 


225 

171 
236 
350 


120 


119 
110 

84 

71 

154 

84 
81 


246 


205 
235 

85 
IIU 

168 


121 
127 


1819.  I  IMO.    ]8SL|2i 


76  '. 
84 
78  ' 
74 


7S 

95 


129  I        78 


7* 


150  .  in» 

159  130 

115  '  1« 

150  <  110 


143 


19» 


S 
^ 

S 


^ 


109 

lis 

122 

141 


173 
190 

179 


271   I     123 


iro 


15 


120  '  154 

156  >  150 

115  204 

153  '  204 


l3i 
IS 


136  i     178 


1 

146  I 

179  I 

I 

75  I 

73 

193 ; 

I 

I 
88  I 

95  1 


225 

190 

78 

73 

l!i8 

73 
67 


lil 


.^ 


121        260        147  I    190     ^A 


m 


\H 


(^)  Averages  of  4  yean,  4  years,  and  8  years. 


(«)  AverngM  of  9  years  (ISSS-'iJl^ktff 
(^)ATen^  of  9  nuiisS 


for  Twenty  Years  in  succession  on  the  same  Land, 
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AmrBB,  and  with  different  descriptions  of  Manure.    Hoos  Field,  Bothamsted. 

rn  per  Acre— lbs, 

the  period  indicated,  for  particalara  of  which  see  Appendi;^TahU  J.,  and  side-notes  thereto,  p.  1 79.] 


HARVESTS. 

AVKBAOK  AKKUAI.. 

Fiivt 

Second 

Total 

Period, 

20  Years, 

185^'71.  1 

1 

PLOTS. 

M^ 

1865. 

1866. 

1 

1867. 

1868. 

1869. 

1870. 

1871. 

10  Yesrs. 
I86a-'6L. 

10  Yeara, 
1B62-'71. 

i 

I 

1 

Um. 

lbs. 

Iba. 

Ibe. 

lbs. 

itw. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

42 

47 

41 

90 

21 

44 

31 

48 

120 

48 

84 

1  0. 

69 

38 

21 

53 

29 

89 

18 

33 

96 

52 

74 

2  0. 

43 

38 

38 

64 

27 

70 

18 

35 

101 

46 

74 

3  0. 

41 

28 

55 

60 

25 

69 

26 

48 

104 

53 

78 

4  0. 

49 

38 

39 

67 

25 

68 

23 

41 

]05 

50 

78 

Means 

99 

58 

94 

115 

49 

139 

23 

105 

174 

107 

141 

1  A, 

63 

84 

64 

76 

38 

113 

26 

189 

172 

94 

133 

2  A. 

83 

51 

106 

94 

34 

95 

24 

89 

173 

95 

134 

3  A. 

110 

60 

63 

71 

50 

21 

27 

146 

165 
171 

78 

122 

4  A. 

1 

89 

63 

82 

89 

43 

92 

25 

132 

94 

133 

Means 

110 

64 

148 

110 

46 

64 

33 

133 

216 

111 

164 

1  AA. 

60 

113 

111 

69 

46 

89 

24 

168 

220 

95 

158 

,  2  AA. 

76 

48 

103 

106 

59 

111 

36 

133 

214 

113 

164 

3  AA. 

46 

76 

133 

119 

43 

78 

30 

90 

208 

87 

148 

4  AA. 

71 

75 

124 

101 

48 

86 

31 

131 

215 

102 

159 

Means 

94 

55 

88 

85 

49 

121 

33 

94 

(  81 

74 

•  77) 

1  AAS 

53 

86 

96 

66 

64 

60 

23 

153 

0)    75 
^>    85 

75 

75,,. 
85  ^  ^ 

2  AA8. 

70 

50 

141 

79 

39 

136 

29 

130 

84 

3  AAS. 

93 

70 

80 

93 

46 

125 

86 

175 

84 

93 

89 1 

4  AAB. 

77 

65 

101 

81 

50 

111 

28 

138 

81 

82 

82 

Means 

78 

83 

104 

109 

43 

69 

25 

78 

175 

83 

129 

1  C. 

92 

44 

89 

89 

64 

111 

24 

88 

193 

84 

138 

2  C. 

90 

66 

94 

91 

39 

91 

37 

141 

192 

91 

142 

3  0. 

123 

69 

128 

72 

42 

67 

28 

124 

208 

89 

149 

4  0. 

96 

66 

:  104 

90 

47 

85 

28 

i  108 

1 

192 

87 

139 

Means 

74 

98 

'  124 

119 

61 

150 

33 

99 

,.^il73 

1^4 199 

1 

112 

14I\„. 
149/^-' 

1  1  N. 

95 

84 

104 

88 

35 

98 

33 

171 

104 

2  N. 

58 

69 

44 

56 

26 

61 

25 

58 

(•)(" 

64 

69)(») 

M. 

78 

35 

48 

.56 

20 

75 

23 

41 

0(84 

!    61 

72)(*) 

5  0. 

91 

94 

53 

74 

33 

1 

63 

30 

144 

,   160 

1 

1    87 

1 

124 

5  A. 

51 

45 

72 

103 

27 

71 

26 

50 

1   117 

57 

87 

D' 

54 

47 

,   61 

83 

21 

57 

23 

41 

107 

64 

85 

117 

56 

'  148 

1 

111 

48 

100 

26 

171 

156 

1 

105 

130 

7 

uid  total  19  years.  (')  Averages  of  7  yean  (1855-*61),  la&t  10  yeais,  and  total  17  yean. 

la>t  10  yeai-8,  aud  total  19  years. 


186 


Report  of  Experiments  on  the  Growth  of  Barley ^ 


EzpBBiMENTS  OH  the  Gbowth  of  Bablst  year  after  year  on  the  same  Laxd,  viAil 

APPENDIX-TABLE  T.  Toh 
[N.B.  The  double  vertical  luies  show  that  there  was  a  change  in  the  description,  or  qiiamii^,^ 


HARVESTS. 

PL0T& 

1858. 

1868. 

1854. 

1855. 

1856. 

1857. 

1856. 

1659. 

1860. 

1661. 

«« 

1  0. 

2  0. 

3  0. 

4  0. 

lb*. 
1585 
1605 
1558 
1819 

Iba 
1552 
1867 
1586 
2017 

lbs. 
1963 
2298 
2021 
2374 

llM. 

1773 
1973 
1918 
2067 

Ite. 
812 
886 
936 
1018 

lbs, 
1453 
1861 
1741 
2191 

lbs. 
1207 
1657 
1396 
1780 

Ibi. 

775 
1179 

872 
1197 

lbs. 
753 
884 
847 
1013 

941 
1410 
1084 
1648 

Dm.  ,  h. 

899  im 
1153  ;  MU 
1094  ISS7 
1428!  IW 

Means 

1642 

1755 

2164 

19^3 

913 

1811 

1510 

1006 

874 

1271 

1168  \m 

1  A. 

2  A. 
•3  A. 
4  A. 

2088 
2212 
2091 
2368  ' 

2285 
2352 
2259 
2309 

2763 
8437 
2897 
3428 

2443 
2639 
2504 
2659 

1432 
1467 
1677 
1599 

2133 
3161 
2302 
3216 

.1771 
2879 
1946 
2897 

919 
2034 

977 
2»17 

1.501 
2371 
1540 
2375 

1745 
3073 
1799 
3059 

1821  fm 
2791  .  »U 
9M9!S74B 
2^5  J  »1« 

Means 

2190 

2301 

3131 

2561 

1519 

2703 

2374 

1487 

1947 

2419 

2346  |SS0 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

2486 
2483 
2431 
2532 

2394 
2435 
2358 
2590 

3313 
3643 
3075 
3539 

264U 
2707 
2586 
2582 

2061 
1687 
1489 
1886 

2725 
3696 
2708 
3677 

2198 
3131 
2811 
3155 

1237 
2140 
1235 
2092 

1395 
2338 
1672 
2501 

1986 
3178 
2038 
3169 

1874 
2906 
22S4 
2834 

318 

Means 

2483 

2444 

3393 

2629 

1781 

3202 

2699 

1676 

1977 

2593 

2460  zm 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

Means 

1 

1  C. 

2  C. 

3  C. 

4  C. 

2198 
2057 
1907 
2098 

2318 
2243 
2113 
2302 

3388 
3444 
3221 
3413 

2668 
2857 
2659 
2783 

1870 
1916 
1711 
1841 

3547 
SJ)21 
3417 
3586 

2980 
8174 
2887 
3162 

2245 
2284 
2001 
2135 

1773 
2051 
1943 
2238 

3209 
8227 
2944 
3111 

2619  -  su 
2118  9M 
2634  '  »9 

Means 

2064 

2244 

3366 

2742 

1834 

3505 

8051 

2166 

2001 

3123  2410 

3117 

1  N. 

2  N. 

M. 

5  0. 

6  A. 

•(J 

7 

}(143:){ 

(2034) 1 
2034 

1627 
1451 

1844 

2044 
2071 

1493 
2306 

1521 
1555 

2136 

2740 
3113 

1748 
2959 

1998 
1904 

8127 

2727 
2696 

1730 
1759 
2596 

2074 
1982 

2765 

1675 
2225 

1016 
1009 
1700 

910 

923  1 

1656 

2634 
3226 1 

1379 
1764 
3061 

1899 
1738 

2915 

2144 
2480 

1476 
1441 
2754 

1496 
1422 

3118 

1400 
1525 

1055 

955 

1857 

954 
831 

2862 

1546 
1703 

618 

593 

2188 

719 
718 

2319 

2215 
2345 

1563 
1598 
2808 

940 
1000 

3169 

2075 
2184 

1448 
1088 
2635' 

1031 
1188 

2936 

ss:3 
m 

150 
1(41  < 

15f 

311)' 

0)  Ayei-ages  of  4  years,  4  jears,  and  8  years.        (*)  AfenigeB  of  9  years  (1853-'61),  kit  10  7^^ 

(«)  Averages  of  9  yesn  (1653-'^)' 


far  Twenty  Years  in  Muccesricn  en  the  same  Land. 
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iAHtJBB,  and  with  diflferont  descriptions  of  Manitsb.    Hoob  Field,  Bothamsfced. 

wn  per  Acre — lbs. 

the  period  indicated,  for  particolan  of  which  see  Appendtx^TdJtiU  J.,  and  ndenotes  therato,  p.  1 79.] 


flARVESr& 

Ayxraos  AmniAi. 

MM. 

1886. 

1866. 

1867. 

1S66. 

• 

1868. 

1870. 

1871. 

Ffnt 
10  Yean^ 
186^*61. 

Second 
10  Yean. 

1802-^1. 

Total 
Fertod. 

20  Yean. 

185»-'7l. 

PLOTS.: 

lbs. 
1379 
I790 
1626 
1949 

Iba. 
1018 
1252 
1237 
1349 

lbs. 

858 
1216 
1041 
1323 

Iba. 

978 
1386 

962 
1180 

lbs. 
873 
1060 
824 
998 

Ibe. 

840 
1079 
1097 
1286 

Ibt. 
751 
986 
928 
1053 

Ito. 

973 
1829 
1125 
1438 

Iba. 

1281 

1562 

1396 

1712 

lbs. 

985 
1317 
1139 
1387 

Iba. 
1133 
1439 
1268 
1550 

1 

1  0. 

2  0. 

3  0. 

4  0. 

1661 

1214 

1109 

1126 

939 

1075 

929 

1216 

1488 

1207 

1347 

Means 

2258 
8399 
2563 
8316 

1666 
2636 
1872 
2549 

1474 
2809 
1541 
2636 

1686 
2458 
1808 
2454 

1136 
2092 
1406 
1978 

1599 
2849 
1994 
2848 

1539 
2404 
1733 
2197 

2129 
2672 
2231 
S769 

1908 
2563 
1989 
2593 

1771 
2762 
1995 
2668 

1840 
2662 
1992 
2630 

1  A. 

2  A. 

3  A. 
'  4  A, 

2884 

2181 

2115 

2101 

1653 

2322 

1968 

2450 

2263 

2299 

2281 

Means 

2430 
8300 
2600 
8299 

1875 
2600 
1920 
2684 

1633 
2913 
1631 
2954 

1669 
2464 
1814 
2573 

1500 
2492 
1678 
2586 

1773 
2845 
1929 
2929 

1630 
2655 
1803 
2571 

2250 
2771 
2098 
2683 

2244 
2744 
2190 
2772 

1939 
2846 
2065 
2853 

2091 
2795 
2128 
2813 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

2907 

2270 

2283 

2130 

2039 

2.^169 

2165 

2451 

2487 

2426 

2457 

Means 

2573 
3190 
2933 
3465 

1948 
2564 
2299 
2751 

2054 
2939 
2341 
2888 

1811 
2490 
2173 
2543 

1644 
2585 
2061 
2669 

2029 
2924 
24-29 
3118 

1963 
2593 
2424 
2755 

2721 
2904 
2731 
288G 

r2097 
,,v  2796 
^  ^  2437 

[2912 

2089 
2752 
2411 
2857 

2093] 
2774  L. 
2424  ^  ^ 
2884J 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

8040 

2391 

2556 

2254 

2240 

2625 

2434 

2811 

2560 

2527 

2544 

Means 

2828 
8039 
2923 
8153 

2508 
2503 
2666 
2648 

2631 
2741 
2518 
2834 

2209 
2594 
2221 
2411 

2122 
2044 
1999 
2051 

2482 
2867 
2584 
3065 

2429 
2437 
2260 
2569 

2561 
2445 
2695 
2809 

2619 
2677 
2480 
2662 

2516 
2650 
2507 
2733 

2568 
2664 
2494 
2698 

1  C, 

2  C. 

3  a 

4  c. 

1 

2986 

2581 

2681 

2359 

2054 

2750 

2424 

2628 

2610 

2602 

2606 

Means 

2360 
2710 

1519 
1610 
3015 

1461 
1454 

3672 

2101 
2226 

1145 
1290 
2710 

1180 
1084 

2923 

1910 
2266 

1048 
1248 
2461 

899 
948 

3065 

18()6 
2008 

1161 
1111 
2001 

953 
1121 

2614 

1410 
1443 

821 

868 

2114 

846 
876 

2539 

2064 
2218 

957 
1378 
2931 

857 
873 

2746 

1966 
2278 

915 

835 

2424 

851 
6S3 

2784 

2451 
2650 

1275 
1143 
2604 

1091 
1375 

3243 

,,x  12124 
^  ''12376 

(»>(1262 

C)(1373 

2426 

1414 
1352 

2541 

2108 
2300 

1185 
1221 
2584 

1C70 
1138 

2995 

2116W 
2836/^  ^ 

1217)(») 
1298)0 
2505 

1242 
1245 

2766 

'IN.. 
2  N. 

M. 
5  0. 
5  A. 

!}•' 

7 

ad  total  19  jmra.  (*)  Averagw  of  7  yean  (1855-'61),  last  10  yean,  and  total  17  yean, 

ut  10  yean,  and  total  19  yean. 
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[N.B.  Tbedouble  vertical  liDMtbowthsttherewuaobaDge  ID  I 


HABVBJTS. 

PLOTS. 

laos. 

ISU. 

18H. 

"" 

iBse. 

18BT. 

Its*. 

IWS. 

isao. 

IHL 

iML  m 

C«u 

Cxu. 

t.ti 

Ci"l». 

Cwii 

Cou. 

1  0. 

18 

21} 

4 

m 

K'l 

10 

I'l 

111 

I'i 

12 

«i 

19* 

1^  1  n 

lb 

a^ 

I't 

9 

19 

aoj 

IS 

«i 

"II 

16| 

I2i 

9i 

15* 

13('    lii 

UcftDB 

I7i 

IBJ 

22i 

,7| 

9 

151 

13i 

I0| 

•1 

121 

111,   "1 

1  A. 

aai 

23 

3I> 

V4L 

21 

17 
26 

15 

„ 

a 

I9| 

201 

<ii 

2  A. 

as 

40 

28 

24 

» 

S  A. 

331 

as 

33 

17 

21   1 

17 

13 

21} 

"1 

Sti 

40 

.21 

a:  1 

29| 

27i 

2S| 

3Ui 

31 

- 

Meaiu 

25i 

26i 

36i 

"• 

ist 

931 

221 

191 

20J 

S5i 

20   m 

1  AA, 

36 

261 

3'S 

321 

24* 

231 

19 

14* 

131 

22 

SI  a 

2e 

3i 

31| 

8  AA. 

S( 

•4 

4 

J6 

2^ 

16i 

isi 

24  ;  r\ 

28 

311 

.»( 

33 

3«ii 

301 

3.t| 

S31  ■   «J 

Meani 

2:i 

28( 

421 

»"1 

281 

29) 

S-* 

21] 

m 

27] 

»-|.  * 

1  AA8. 

1 

1  AAS. 

8  AAS. 

1  AAS. 

MsaM 

^_ 

1  C. 

ai 

afii 

43 

26 

331 

30|        261 

171 

271 

2«    1    * 

3C. 
4  C. 

23 

i! 

44 

42 

i 

i 

SI 

S        2S 

a 

ii 

m 

Meaiu 

?3J 

2S1 

42J 

S6i 

281 

321 

82t   1     27} 

201 

30 

9611  «; 

1  N. 

1   (15J){ 

1  !»l 

27 

2<1 

201 

18f 

1«( 

87) 

2«      »i 

1  ^1 

ssl 

asi 

2Si 

32  1 

am 

21* 

l«l 

I9| 

M. 

5  O. 

It) 

„,' 

i.1 

1,1 

li] 

.11 

iss 

■1 

m 

a  i!i. 

ikj 

351 

ssl 

2,  J 

28| 

2(1 

2!t 

»n 

H^ 

III 

1? 

SI 

:a 

9* 
9» 

I6| 

13 
llj 

m 

10 

?l 

9i 

10)       l« 

1^     iH 

' 

181 

aaj 

3-i 

2J1 

19! 

23J 

3lj 

23) 

261 

31| 

84j|    Ml 

(■>Av 

jageioli 

j«rb,  4  y^i^ 

Uldfl) 

KB. 

(' 

A.aHg«...!. 

■mn.f 

8i.VB 

).l-tlOP-» 

<•) 

«Ore 

u,(l9iJ-(l> 
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[ahcbx,  and  with  different  descriptions  of  Maiotbb.    Hoos  Field,  Bothamsted. 

ind  Chaff)  per  Acre — Gwts. 
the  period  indicated,  for  particularB  of  which  see  Appendix-TaibiU  J.,  and  aide^notes  thereto,  p.  1 79.] 


HARVEsra 


IBM.    1865. 


1866. 


Cwts.     Cwt& 

I2f  81    i 


15| 
ISi 
16| 

20} 

I9t 
34} 


26} 
33} 
30i 
40f 


26 
31 
31 

34i 


i 


31 


24 
27 


13 

33} 

la 

87| 


9J 
10     ' 


Cwtfl. 
12| 

12i 


H  i    lU 


13 

21| 

16 

22^ 


15| 


16i 

27| 


26|  ,     18^  ;     21i 


16 
23 
17 
24J 


17} 

28} 

281 


30}        20i  I     23} 


22 
2 


3 


Si 


2( 
30^ 
25 
29i 


32f        22}        26j 


21i 

22 
22 


24} 
24| 
24j 

27| 


21}        25} 


18}  !     21 
21}        2 


io| 

24} 


4. 


12} 
10} 
28 


8f!     lOj 

8} 


25] 


9i 
31i 


1867. 


Cwts. 

101 
12* 

14 
12 


11} 


17i 

28f 

19} 
25| 


22} 


24} 


18} 
29} 
23} 
28| 


24} 


25} 
25} 
22} 
24} 


24} 


21} 
21} 

12 

10} 

22} 

1^ 
27} 


1868. 


Cwts. 

n 


10} 


91 


12} 


14J 
20J 


16} 


14} 

21i 
16} 
25} 


1 


a 


16 

2 

22 

26} 


22S 


19} 
191 
19} 
21} 


19} 


Hi 

'3 


10} 

10} 


1869. 


1870. 


Cwts. 
11 
10| 
II 
12} 


UJ 


18} 
32 
20} 
34} 


26} 


21} 
341 
22} 
38} 


29} 


23} 
37} 
30} 
42| 


33} 


27 

34 
35} 


31} 


24 

27} 

llf 
15} 

36} 

.^ 

28} 


Cwts. 

6t 
8 

8i 


12* 
"J 
IS 
18J 


16 


23} 

?3 


20} 


17 
20} 
20} 
20} 


1 


17} 

17} 
18} 


18} 


19} 


1871. 


Cwts. 
11 
12X 

Hi 
14 


12} 


23} 
28} 
25} 
32} 


27} 


26} 
32} 
25} 
32} 


29} 


29} 
36} 

38 


B 


33} 


27} 

30| 
32 


29} 


29} 
31} 

14} 
13} 
29} 

13 
13} 

37} 


Atsraob  AmruAL. 


First 
10  Yean, 
188^'Sl. 


14} 


19} 
271 
21| 
281 


24} 


24 
31} 
25} 
34} 


29 


26} 


29 
SO 
28 
81 


I 


30} 


OOif 

(*)(13f 
27} 

14 

13 

26} 


Second 
lOYesn, 
1862-'?!. 


CwtSL 

10} 

10} 
12} 


11} 


17| 

"A 

28 


231 


25} 


21} 
29} 
26} 
32 


27} 


24} 
26 
25} 
27} 


Total 

Period, 
20Yeant 
188»-'T1. 


25} 


22} 

24} 

12} 

"I 

28} 

10} 

Hi 

29] 


Cwta. 
llf 

in 

14} 


12} 


18} 
27} 
20} 
28} 


23} 


24 
32} 


27} 


21}) 
29} 

31 


il 


27 


26 
2 
27 
29 


4 


28 


22j 

26 


PLOTS. 


1  O. 

2  O. 

3  O. 

4  O. 

Means 

1  A. 

2  A. 

3  A. 

4  A. 

Means 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

Means 


,  1  AA6. 
,J   2  AAS. 
^  ^  3  AAS. 
4  AAS. 


Means 

1  C. 

2  C. 

3  C. 

4  C. 

Means 


f'h   2  N. 


12})(»)   M. 
12})  C),  5  O. 

28    I  5  A. 


121 
12i 

28} 


7 


md  total  19  years.  (')  Ayei-ag«s  of  7  years  (185^*61),  last  10  years,  and  total  17  years. 

bit  10  yean,  and  total  19  years. 
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EzFEBiMBMTS  on  the  Growth  of  Bablet  year  after  year  on  ihe  eaine  Lahs,  iriM| 

APPENDIX-TABLE  VII.  Total  ProM 
[N.B.  The  double  yertical  lines  show  that  there  was  a  change  in  the  deseription,  or  qvantitj,  of  lfna| 


■ 

HARVKSTS. 

PLOTS. 

1863. 

1853. 

1854.  1855. 

j 

1856. 

1857. 

1858. 

1869. 

i 
iseo.  isn. 

• 

1861  im 

1  0. 

2  0. 

3  0. 

4  0. 

lbs. 
3445 
3459 
3405 
4008 

Iba. 
3562 
3788 
3521 
4312 

lb«.  1  lbs. 
4405   3745 
4898   3955 
4353  3873 
4969  4082 

Um. 
1797 
1865 
1961 
2075 

•Iba. 

2878 

3606 

341^ 

4111 

Ite. 
2424 
3327 
2771 
3590 

I1)S. 

1800 
2559 
1962 
2567 

IbL 
1598 
1877 
1802 
2093 

2166 
2900 
2369 
3366 

U&   it 
1987  SMS 

roi  m 

2309  Stt 
2941  aSM 

Meana 

3579 

3794 

4656  j  3914 

1924 

3505 

3028 

2222 

1842  1  2700 

1 

2484  3191 

1  A. 

2  A. 

3  A. 

4  A. 

4652 
5127 
4730 
5487 

4950 
5202 
5079 
5284 

6155 
8017 
6672 
7958 

5148 
5929 
5579 
6134 

3347 
8874 
3574 
3981 

4118 
6161 
4702 
6386 

3506 
6099 
3951 
6192 

2204 
4814 
2487 
5067 

3166 
5196 
3355 
5355 

3945 
6411 
4212 
6472 

4106  m 

6416  7319 
4658  5fH 
6273  m\ 

Means 

4999 

5129 

7200  5697 

3694 

5329 

4937 

3643 

4268 

5260 

5363 

ClSl 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

5490 
5662 
5378 
5714 

5324 
5615 
5405 
6134 

7548 
8619 
7315 
902G 

6242 
7027 
6388 
7054 

4801 
5233 
4414 
5582 

5360 
7883 
5618 
7734 

4345 
6791 
4791 
7160 

2857 
5105 
3035 
5517 

2905 
5053 
8702 
5746 

4449 
6721 
4743 
6937 

4247 
6443 
5003 
6529 

5M1 

;7ia 

ntf 

7921 

Means 

5561 

5619 

8127  6678 

5008 

6524 

5772 

4128 

4352 

5713 

5556 

&» 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

1 

Means 

' 

1  C. 

2  C. 

3  C. 

4  C. 

4949 
4713 
4351 
4796 

5323 
5110 
4943 
5386 

8238 
8388 
7848 
6125 

6720 
6904 
6676 
6993 

4780 
5447 
4673 
5257 

7262 
7266 
6877 
7241  1 

6425 
6964 
6837 
7082 

5260 
5509 
4866 
5440 

3771 
4356 
4198 
4783 

6332 
6625 
6392 
6576 

5299 
5669 
4786 
5873 

!C599 

.em 

Means 

4702 

6190 

8150 

6823  1 

5039 

7161 

6702 

5269 

4277 

6481 

5407 

M0 

1  N. 

2  N. 

M. 

5  0. 

6  A. 

«g 

7 

}(3143){ 

(4843)1 
4843 

3550 
3030 

3920 

4631 
4906 

3263 
4996 

3371 
3336 

4682 

6476 
7400 

4013 
6964 

4519 
4221 

7298 

5757 
6416 

3440 
3394 
6066 

4100 
3857 

5852 

3877 
5450 

2206 
2169 
4247 

1952 
1981 

3866 

5389 
6816 1 

2538 
3254 
6161 

8711 
3375 

6664 

4399 
5125 

2856 
2846 
5954 

2846 
2693 

6635 

3500 
3905 

2275 
2125 
4777 

2212 
1948 

5558 

3416 
3793 

1433 
1363 
6088 

1560 
1581 

5156 

5260 
5665 

8263 
3563 
6373 

2048 
2117 

6715 

4793 
4959 

3061 
2266 
6175 

2189 
2480 

6774  1 

fiifis 

6Stf 

8740 
33$4 

39CS 

3tfl; 

718$. 

(*)  ATerages  of  4  yean,  4  yean,  and  8  yean. 


C)  Aveiages  of  9  yean  (1853-'61),  list  10 1« 
O  Averages  of  9  yeaxs  (1853-'61). 


Jot  T\oenty  Years  in  tuccemon  on  the  same  Land. 
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with  different  descriptions  of  Manubx.    Hoos  Field,  Bothamsted. 

id  Chaff)  per  Acre — lbs. 

icated,  for  particulars  of  which  see  Appendix-  Table  I^  and  side-notes  thereto^  p.  1 79. 


HARVESTS. 

« 

Atbbaos  AnruAi* 

1 

■ 

i8ee. 

1867. 

1868. 

1868. 

1870. 

isn. 

Flnt 
lOYeaq, 

issa-'ei. 

Sooond 
10  Yean, 
186»-'71. 

ToUl 

Period. 

20  Yean, 

18B2-'71. 

PLOxa 

llw. 
1928 
2636 
2191 
2759 

Ita. 
2124 
2759 
2098 
2526 

Iba. 
2173 
2110 
1789 
2126 

Iba. 
2075 
2238 
2333 
2729 

Ite. 
1489 
1884 
1882 
2101 

2208 
2694 
2380 
8002 

lbs. 

2782 

3223 

2944 

3517 

Ibe. 
2126 
2639 
2338 
2807 

lbs.   > 
2454 
2931 
2641 
3162 

1  0. 

1  2  0. 
1  3  O. 
1  4  0. 

2378 

2877 

2049 

2344 

1839 

2571 

i   3116 

2478 

2797 

Means 

8200 
5955 
3412 
5704 

3611 
6658 
3977 
5304 

2507 
4255 
3074 
4311 

3640 
6^30 
4319 
6701 

2945 
4412 
3406 
4287 

4712 
5820 
5080 
6404 

4119 
5683 
4434 

5827 

3719 
5837 
4200 
5808 

3919 
5760 
4317 
5817 

1  A. 

2  A.  . 

3  A. 
;  4  A. 

4568 

4637 

3537 

5272 

3762 

5504 

5016 

4891 

4958 

Means 

3628 
6068 
3661 
6117 

3569 
5917 
4144 
5753 

3130 
4937 
3401 
5454 

4181 
6750 
4477 
7194 

3628 
5315 
4141 
4621 

5250 
6371 
4933 
6333 

4932 
6321 
5079 
6660 

4192 
6114 
4536 
6226 

4562 
6217 
4808 
6443. 

1  AA. 

2  AA. 
8  AA. 
4  AA. 

4869 

4851 

4231 

5651 

'4426 

5722 

5748 

5267 

5508 

Mftffcniy 

4357 
C327 
5144 
6198 

3884 
5790 
4793 
5708 

3537 
5410 
4524 
5644 

4669 
7082 
5864 
7881 

3868 
4851 
4724 
5073 

6051 
6954 
6221 
7146 

r4549 
71x16059 
^  n  5209 

(6385 

4536 
6074 
5333 
6436 

4543) 
6067  Lx 
5271  r^ 
6411J 

1  AAS. 
:  2  AAS. 

3  AAR. 

4  AAS. 

>  5507 

5044 

4779 

6379 

4629 

6594 

5551 

1 

5595 

5573 

Means 

)     5337 
)     5487 
[     5242 
1     5929 

5064 
5460 
4711 
5121 

4267 
4238 
4213 
4414 

5512 
6571 
5993 
7001 

4358 
4437 
4824 

4857 

5637 
5570 
6153 
6394 

i   5906 
6128 
5716 
6168 

5236 
5559 
5338 
5837 

5571 
5844 
5527 
6002 

1  0. 

2  0. 

3  C. 

4  C. 

)  5499 

5089 

4283 

6269 

4494 

5939 

5980 

5493 

5786 

Means 

4  4275 
9  4941 

5  2486 
0  '  2443 
0  6591 

9  2078 

6  2017 

;9  6594 

4284 
4438 

2499 
2271 
4511 

2026 
2344 

5652 

8530 
3366 

2044 
1826 
4419 

2019 
2097 

5281 

4759 
5313 

2265 
3111 
6979 

1957 
2031 

5959 

3456 
4413 

1908 
1323 
4817 

1720 
1740 

4950 

5726 
6175 

2920 
2618 
5927 

2554 
2896 

7401 

,,.(4745 
^  ^15497 

(0(2573 

(«)(2888 

5542 

2987 
2814 

5525 

4628 
5042 

2614 
2498 
5747 

2273 
2391 

6342 

4683U,. 
5258/^  ^ 

2597)P) 
2682)(*) 
5644 

2630 
2603 

5933 

1 

IN. 

2  N. 

!   M. 
5  0. 
5  A. 

2}^ 

:  7 

yean.  ('}  Arengn  of  7  yean  (185&-'61),  Ust  10  years,  and  total  17  yean. 

,  and  total  19  yean. 
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ExPEBiHHNTB  ou  the  Gbowth  of  Bablb7  year 

after 

year  on  the  i 

iameLASBy  ^ 

VlliMMl 

APPENDIX-TABLE  VIII.  Incieese  by  Manure  (otctIU 

[  N.B.  The  doable  yertieal  lines  show  that  there  was  a  change  in  the  description,  or  quantity,  of  Manaii 

HARVESTS.                                                                         1 

PLOTS 

■ 

1 

1 

1 

1 

1 

1 

1 

1882. 

18«8. 

18M. 

18«5. 

1866. 

1867. 

1868. 

1869. ,  isea  iMt 

1                ! 

180.    IStt. 

1  0. 

2  0. 

3  0. 

4  0. 

lbs. 

lbs. 

IbiL 

Iba. 

lbs. 

lbs. 

lbs. 

lbs. 

Um. 

lbs. 

IbSL      .       BiL     ! 

-    1 

-48 

213 

330 

49 

480 

317 

40 

893 

49 

-  6 

143 

25        185 

75         65 

157  1     515 

305 

44 

428 

314 

7 

332 

148 
111 
277 

470 
144 
708 

288 
129 
463 

412 
155 
466 

Means 

55 

286 

250 

62 

86       255 

1 

269 

218 

179       441 

293  i     344 

1  A. 

2  A. 

3  A. 

4  A. 

482 
606 
485 
762 

748  1     782 
815      1456 
722        916 
772  1  1447 

519 
715 
580 
735 

571 
606 
716 
738 

457 
1485 

626 
1540 

419 
1527 

694 
1646 

64 

1169 

112 

1152 

765 
1635 

804 
1689 

805 
2133 

859 
2119 

856  1  1004  • 
1826     2109 
1084      1346 
1760     18U8 

Means 

.       584 

764     1150 

637 

658 

1027 

1021 

622 

1211 

1^9 

1382      1567  * 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

880 
877 
825 
926 

857      1332 

898  '   1662 

821      1094 

1053     1558 

716 
783 
662 
658 

1200 
826 
628 

1025 

1049 
2020 
1032 
2001 

846 
1779 

959 
1803 

372 
1275 

870 
1227 

669 
1602 

936 
1766 

1046 
2238 
1098 
2229 

909 
1943 
1269 
1869 

1351 
2113- 
1640 
S0S7 

1 

Mif^ftTlft 

t       877 

907      1412 

705 

920  !  1526      1347 

811 

1241  1  1653 

1495      1783 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

j 

1 

1 

1 
i 

1 

1 

Means 

1 

1      1 

1 

1  0. 

2  C. 

3  C. 

4  C. 

587 
451 
301 
492 

781  1 
706 
576 
765 

1407 
1463 
1240 
1432 

744 
933 
736 
859 

1009     1871  1 
1055  1  1845 
850  1  1741 
980  1  1860 

1628 
1822 
1535 
1810 

1380 
1419 
1136 
1270 

1037 
1315 
1207 
1602 

2269 
2287 
2004 
2171 

1424 
1664 
1163 
1669 

1603 
1811 
1687 
1757 

Means 

458 

707      1386 

1 

818 

974  i  1829 

1699 

1301 

1265 

2183 

1475     1715 

1  N.      \ 

2  N.      / 

-  (169) [ 

507 

534 

1 

759 
1132 

803 
772 

814  '     958 
1364      I550| 

792 
1128 

636 
660 

810 
967 

1275 
1406 

1110  1 
1219 

1473  - 
1614, 

M. 
5  0. 
5  A. 

1 

(428)1 
428 

1 

:    1 

-    44  1-288 

769  !     978 

-194 

-165 

672 

155  1-297 
148         88 
639     1386 

124 

89 

1402 

190 

90 

992 

-118 

-143 

1462 

628 

658 
1868 

478 

123 

1670 

160  t 
2S9 
1542. 

HI 

-155 

18    -   77 

1 

58 

1 
62         62 

70 

-  34 

-  18 

60 

217 

211 

7 

238 

599  '  1146 

841 

795     1239 

1 

1766 

1497 

1683     2289 

1971     2071 

1 

Q)  AytmgeB  of  4  yean,  4  years,  and  8  yean. 


O  Arengee  of  9  years  (185S-'61),  last  10  ymn, 
(,*)  Ayerages  of  9  ycare  (1853-*61X 


for  Tuoenty  Yean  in  succession  on  the  same  Land. 


193 


with  different  descriptions  of  Manurb.    Koos  Field,  Bothamsted. 

.  O.  and  6-1),  of  Total  Coru,  per  Acre — lbs. 

icated,  for  particular!  of  which  see  Apprndix-TciklB  L,  and  side-notes  thereto,  p.  1 79.] 


llM. 

337 
162 
444 


69 


HAUVESTa 


1M6. ,  iser 


1808. 


1889. 


1870. 


1871. 


AVKBAGK  AXIKVAL. 


First 
10  Yearg, 
1852-*61. 


Ibd. 

Iba. 

Ibk 

lb). 

llw. 

Um. 

420 

200 

230 

185 

297 

i    214 

-  4 

-  36 

248 

127 

93 

48 

214 

138 

437 

252 

406 

365 

314  I  210  I  101  i  305    188  ,  265 


1802   1393  I  1194 


121 
1369 


1031  ■  900  i  diiO 
1387  I  1042   583 

169   195  '-  39 
369  ,145     8 
1582  1035  ;  1254  .  2082 


1901   1623  I  1596 


108 
529 


155 


I 


16    24 


114 
34 


243 
111 


1623  !  1572 


52 


343 


2186  1648   1679   1897   1933  '  2211 


209 


595 

720 

276 

750 

738 

1097 

1930 

1492 

1232 

2000 

1603 

1640 

662 

842 

546 

1145 

932 

1199 

1757 

1488 

1118 

1999 

1396 

1737 

1236 

1186 

793 

1474 

1167 

1418  : 

754 

1 
703 

640 

924 

829 

1218 

2034 

1498 

1632 

1996 

1854 

1739 

752 

848 

718 

1080 

1001 

1066 

2075 

1607  > 

1 

1726 

2080 

1770 

1651  i 

1404 

1164 

1179 

1520 

1364 

1419 

1 

1175 

845  ! 

784 

1180 

1162 

1689 

2060 

1524 

1725 

2075 

1792 

1872 

1462 

1207 

1201 

1580 

1623 

1699 

2009 

1577 

1809 

2269 

1954 

1854 

1677 

1288 

1580 

1776 

1633 

1779  1 

1752 

1243 

1262 

1633 

1628 

1529 

1862 

1628 

1184 

2018 

1636 

1413 

1639 

1255 

1139 

1735 

1459 

1663 

1955 

1445 

1191 

2216 

1768 

1777 

560 
1215 

641 
1245 


915 


896 
1396 

843 
1425 


1140 


11006 
1705 
1346 
1821 


1470 


1271 
1330 
1133 
1314 


1262 


215  '  1165   1419  ^v/ 
369   1477   1618  ^  ^\ 


806 
1057 


(•)  (69 

C).54 

1079 


5 
1193 


Second 
10  Vean, 
1862-'71. 


lbs. 

289 
112 
360 


254 


744 
1735 

967 
1641 


1272 


911 
1819 
1088 
1826 


1399 


1204 
1866 
1526 
1972 


1642 


1489 
1623 
1480 
1706 


1575 


1081 
1273 

157 

194 

1557 


111 
1967 


Total 

Ptrlod.    .1 
20  Yean, 
185a-'71. 


PLOTS. 


lfa& 

252 

80 

363 


232 


652 
1475 

804 
1443 


1094 


904 
1608 

941 
1625 


1419 


950U,. 
1170/^^ 

121)e),| 
128)Cy 
1318 


58 
1580 


1  O. 

2  O. 

3  O. 

4  O. 

Means 

1  A. 

2  A. 

3  A. 

4  A. 

Means 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

Means 

1  AAS. 

2  AAS. 

3  AA8. 

4  AAS. 

Means 

1  C. 

2  C. 

3  C. 

4  0. 

Means 

1  N. 

2  N. 

M. 

5  (>. 
5  A. 


ii' 


an.  (*)  Avvragcii  of  7  years  (1855~V»i)^  1a»t  10  }ottifc,  aud  total  17  jenis. 

od  total  IQ  Viiavb. 


104  Btport  of  Experimenit  on  tim  GrotcUi  ofBa^ 

ExraBtmiTTs  on  the  Gbowth  of  Babur  yoKr  after  yeftr  an  tki 
APPENDIX-TABLE  IX.   Incieaebr 
[N.E  ThtdoabUTCTtioal  liiiaihowthattliereirwBch«ii£ebitliedcaerifQM,i 


"•■Ml 


PLOTS. 

lUt. 

vtu. 

1M4. 

law. 

1U8. 

lSi7. 

ISfS. 

«.;«.;. 

1  0. 

2  0. 

3  0. 

4  0. 

Um. 

-  88 

-  45 
S97 

tbi. 

-    14 

B 
36S 

118 

-ISO 

113 

-  17 

-  44 

16 

Ilu. 

-  3S 

43 

tbi. 
661 

soil 

On. 
386 

636 

S38  1    150     K' 
-    53        Hi     11- 

228)   av  »' 

Heuu 

n 

119 

27 

-■• 

6 

164 

334 

138  (    IW     JS 

1  A. 

2  A. 
S  A. 
4  A. 

673 

Km 

lit 
13S7 

736 
990 
890 
1045 

910 

2098 

lass 

3048 

706 
1991 
1076 
1476 

901 
1393 

983 
1368 

366 
1381 

;ei[ 

1501 1 

451 

1936 
791 

soil 

143  1   sa  le 

16S8  1  l»8i  .  II- 
368  1    ITS    m' 
1908  1  9in  ,  B* 

Hauii 

917 

893 

1SS7 

1137 

1161 

1007 

ISSO 

1014  j  H3    lO^ 

1  AA. 

2  AA 
8  AA. 
4  AA. 

iiii 

1387 

loss 

1990 

1000 
ISSO 
1117 
1614 

1753 
2494 

1788 
3006 

1603 
9321 
1803 
3473 

9539 
1911 
3683 

1016 
9068 
1291 
3438 1 

863 
33T6 
1196 
3781 

478  1     S67    l»l 

I8ii3  1  is;i.JB. 

658  :  lis:    iHi 
2383  1  S«fl    «! 

HMoe. 

1I8G 

1346 

SS53 

9050 

3913 

1708 

1789 

1811  llMJllB"' 

1  AAB. 

2  AAS. 
8  AAs. 
4  AAS. 

1      ;    1 

HeMU 

!         1         1         1         1         1         1  1 

1  C. 
2C. 
3C. 
4C. 

864 

764 

ssa 
806 

1075 

937 
900 
1151 

S36B 
2409 
3145 

aa3o 

SD53 

3048 
3018 
3911 

1896 
3517 
1948 
3402 

2096 

3196 
18411 
8086| 

3161 

9506 
3166 
3636 

1873  ;  iiu   iwl 

9083*  146*.  m, 

1723  j  un  ^i, 

2163  I^WM^^ 

He>ni 

747 

1017 

3301 

9083 

3191 

3037 

3367 

1961  !  UM^ 

I  N.      / 
2N.     { 

VL 
8  0. 
«  A. 

7 

-   3)3 
184 

1   905 

-160 

780 

-149 
616 

1806 

-,„ 

ISS3 

-16S 
1689 

1031 

-289 

-364 
1471 

-134 

loss 

1188 
3311 

176 
146 
.1533 

44 
1196 

1136 
19711 

-460 
-199 
1481 

18 
1090 

1361 

96 
131 
1916 

-    13 
9983 

9S8  1  1M:  ■  1»^.  1 

78l-«l5' 

17?l    -J>* 

.26    io:'-»' 

9054     19«)>«'* 

(')  Argngci  af  4  Jon,  4  jaui,  and  8  jcaiB. 


O  AT«ng-trf9j««'("^'*j; 


for  Ttoenty  Years  in  sueee$9ion  on  the  same  Land. 
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wiih  different  deecrtptums  of  Man0bx.    Hoob  Field,  Bothamsted. 

d  6~l)y  of  Straw  (and  Chaff)  per  Acre— Ibe. 

licated,  for  partienlan  of  which  see  Affpmdi»-Tahle  1.,  and  nde-notes  thereto^  p.  1 79.] 


HARVESTS. 

Atkbaqi  Aviri 

JAL. 

Total 
Fenod. 

30  Tears. 

I86a-'T1. 

1M6. 

1807. 

1868. 

1868. 

1870. 

1871. 

1  Flnt 
j  lOTean^ 

1 

Second 
10  Yean, 
186a-'Tl. 

PLOTS. 

il». 

295 

25 

311 

Iba. 

263 

26 

236 

Um. 

-186 
-271 
-108 

-  9 

68 

276 

IlM. 

94 
150 
244 

lh& 

16 

-  94 

215 

lbs. 

124 
11 

268 

lfa& 

150 

26 

248 

Iba. 

137 

19 

258 

1  0. 

2  0. 

3  O. 

4  0. 

210 

175 

-188 

111 

163 

46 

134 

141 

138 

Means 

601 
2021 

746 
1943 

815 
2090 
1050 
1740 

135 

927 

432 

1097 

873 
2413 
1157 
2685 

602 
1204 

869 
1286 

1234 
1799 
1500 
2286 

674 
1583 

908 
1697 

775 
1902 

loas 

1967 

724 
1742 

970 
1832 

1  A. 

2  A. 

3  A. 

4  A. 

1 

1328 

1426 

648 

1782 

990 

1705 

1215 

1 

1419 

1317 

Means 

870 
2030 

905 
2088 

810 
2343 
1221 
2070 

394 
1209 

587 
1632 

1240 
2737 
1380 
3097 

1194 
1856 
1584 
1246 

16GI 
2251 
1486 
2301 

1151 
2040 
1351 
2351 

1081 
2095 
1299 
2200 

1116 
2067 
1325 
2276 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

1461 

1611 

956 

2114 

1458 

1922 

1723 

1669 

1696 

Means 

1178 
2283 
1678 
2185 

963 
2190. 
1510 
2055 

657 
1589 
1227 
1739 

1492 
2990 
2267 
3595 

1101 
14.54 
1496 
1514 

1981 
2701 
2141 
2911 

128S 

.J  2099 

^  ^  1608 

(2309 

1308 
2184 
1783 
2440 

1298'j 

2141 L; 

1696  (^  ^ 
2275)     j 

1  AAR. 

2  AAS. 

3  AAS. 

4  AAS. 

1826 

1680 

1303 

2586 

1391 

2434 

1826 

1929 

1877 

Means 

1581 
1621 
1599 
1970 

1745 
1756 
1380 
1600 

909 

958 

978 

1127 

1862 
2536 
2241 
2768 

1125 
1196 
1260 
1484 

1727 
1776 
2109 
2236 

1750 
1914 
1699 
1969 

1546 
1736 
1658 
1930 

1648 
1825 
1678 
1950 

1  C. 

2  U. 
8  C. 
4  0. 

1693 

1620 

993 

2362 

1266 

1962  1 

1833 

1718 

1775 

Means 

1240 
1550 

2C3 

70 

2005 

-  56 

2404 

1 

1258 
1320 

228 

50 

1400 

113 
1928 

884 
687 

13 

—278 

1069 

-  15 
1506 

1527 
1927 

140 

565 

2880 

-  10 
2045 

686 
1331 

184 

-316 

1589 

83 
1412 

19i6  1 
2176 

296 

126 

1974 

172  1 

1 

8809  i 

1 

^  -'\1624 

(•)  (15 

(*)  (17 

1578 

-  76 
1447 

1347 
1569 

257 

104 

1991 

80 

2174 

12411,. 
1595^  ^ 

157)(») 

62X*) 
1784 

9 
1811 

1  N. 

2  N. 

M. 
5  O. 
5  A. 

7 

in.  C)  Ayeivgw  of  7  yean  (1855-*61X  Ivt  10  yetn,  and  total  17  yean, 

id  total  19  yaan^ 


196  Report  of  Experiments  on  t/i£  Growth  of  Barley^ 

ExpEBiMENTs  Oil  the  Growth  of  Bablet  year  after  year  on  the  same  Lakd,  wiftofl 

APPENDIX-TABLE  X.  Increase  by  Marniie  (over  the  MeaD  of  Plots  1  i 


[N.B.  The  doable  vertical  lines  show  that  there  was  a  change  in  the  description. 

or  quantit J,  of  Manni^ 

HARVESTS. 

PLOTS. 

1862. 

1858. 

1854. 

1855. 

1856. 

1857. 

• 

1858. 

1859.  1800. 

1861. 

1888.  1883. 

-J 

1  0, 

2  0. 

3  0. 

4  0. 

Iba. 

-  39 

—  93 
510 

316 

54 

845 

lt». 

435 

-110 

506 

lbs. 

32 

-  50 

159 

lbs. 

-  10 

86 

200 

11)8. 

311 
131 
816 

its. 

691 
135 
954 

lbs. 

552 

-  45 

560 

lbs. 

298 
223 
514 

Iba. 

793 

262 

1259 

lb& 

613 
221 

853 

Kbft. 

775 

256 
802 

Means 

126 

405 

277 

47 

92 

419 

593 

356 

345 

771 

562 

6U 

1  A. 

2  A. 

3  A. 

4  A. 

1154 
1629 
1232 
1989 

1483 
1735 
1612 
1817 

1692 
3554 
2209 
3495 

1225 
2006 
1656 
2211 

1472 
1999 
1699 
2106 

823 
2866 
14071 
3041 

870 
3463 
1315 
3556 

197 
2807 

480 
3060 

1587 
3617 
1776 
3776 

1838 
4304 
2105 
4365 

2018 
4328 
25T0 
4185 

SOIS 
4525 
2897 
3997 

Means 

1501 

1662 

2738 

1775 

1819 

2034 

2301 

1636 

2689 

3153 

3275 

S35S 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

1992 
21H4 
1880 
2216 

1857 
2148 
1938 
2667 

3085 
4156 
2852 
4563 

2319 
3104 
2465 
3131 

2926 
3358 
2539 
3707 

2065 
4088 
2323 
4439 

1709 
4155 
2155 
4524 

850 
3098 
1028 
3510 

1326 
3474 
2123 
4167 

2342 
4614 
2636 
4830 

2159 
4355 
2915 
4441 

«7«7 
4354 
3374 
4539 

Means 

'2063 

2153   3664 

2755 

3133 

3229 

3186 

2122 

• 

2773 

3606 

3468 

3756 

1  AAS. 

2  AAS. 

3  AAS. 

4  AAS. 

Means 

1 

1  C. 

2  C. 

3  (J. 

4  0. 

1451 

1215 

853 

1298 

1856 
1643 
1476 
1919 

3775 
3925 
3385 
3662 

2797 
2981 
2753 

3070 

2905 
3572 
2798 
3382 

8967 
3971 
3582 
394  G 

3789 
4328 
3701 
4446 

3253 
3502 
2859 
3433 

2192 
2777 
2619 
3204 

4225 
4518 
4285 
4469 

3^11  : 

3581 
2698 
3784  , 

34ft> 
379^ 
3635 
3805 

Means 

1204 

1724 

3687 

2900 

3164 

3867 

4066 

3202 

2698 

4374 

3319  3665 

1  N. 

2  N. 

M. 
5  0. 
5  A. 

ii 

7 

(-355){ 

(1345)  1 
1345 

-468 
422 

11164 
|U39 

-204 
1529 

-131 
1215 

2012 
2937 

1 
-450 

2501 

-242 
2835 

1834 
2493 

-483 

-529 

2143 

-  66 
1929 

2002 
3575 

331 

294 

2372 

106 
1991 

2094 
3521 1 

-757 

—  41 

2866 

80 
2269 

1763 
2489 

220 

210 

3318 

67 
3999 

1493 
1898 

268 

118 

2770 

-  59 
3551 

1837 
2214 

-146 
-216 
3459 

2 

3577 

3153 
3558 

1156 
14.56 
4266 

10 

4608 

1 

2705 
2871 

973 

178 
4087 

392 

4686 

1 

3471 
35T2 

946 

564) 

3955 

427 
4391 

(*)  AvejTiges  of  4  yeais,  4  years,  and  8  yeai'S. 


O  Averages  of  9  years  (1853-*61),  last  l«>  y9t*f 
(*)  Averages  of  9  ye.ir>  (185»J-VI> 


ri   for  Twenty  Years  in  succession  on  the  same  Land. 
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^^ih  different  descriptions  of  Manure.    Hoos  Field,  Botbamsted. 

jcal  produce  (Corn,  Straw,  and  Chafi)  per  Acre — lbs. 

,iicated,  for  particulars  of  which  see  Appendix-TakiU  I.,  and  side-notes  thereto,  p.  1 79.] 


HARVESTS. 


1868. 

1887. 

1888. 

1889. 

1870. 

1871. 

lb«. 

lbs. 

ita. 

Um. 

Iba. 

lbs. 

632 

683 

14 

221 

279 

313 

187 

22 

-807 

316 

277 

-   1 

755 

450 

30 

712 

496 

621 

.525 

385 

-  88 

416 

351 

311 

1196 

1535 

411 

1623 

1340 

2331 

3951 

3582 

2159 

4413 

2807 

3439 

1408 

1901 

978 

2302 

1801 

2699 

3700 

3228 

2215 

* 

46S4 

2682 

4023 

2564 

2562 

1441 

3256 

2158 

3123 

1624 

1513  ! 

1034 

2164 

2023 

2869 

4064 

3841 

2841 

4733 

3710 

3990 

1657 

2O09 

1305 

2460 

2535 

2552 

4113 

3677 

3358 

5177 

3016 

3952 

AVEBAGB  AnWUAX.. 


First 
10  Years, 
1862-'61. 


lbs. 

338 

59 

632 


343 


1234 
2798 
1549 
2942 


2130 


Second 
10  YeMTB. 
1S62-'T1. 


Total 

Period. 

30  Yeare, 

1862-'7 1. 


PIjOTS. 


lbs. 

439 
138 
607 


lbs. 

389 

99 

621 


395 


370 


1519  1.S76 

3637  3217 

2000  I    1774 

3608  !  3275 


2691 


2411 


2047 
3436 
2194 
3776 


1U92 
3914 
2836 

4026 


2020 
3675 
i  2205 
'  3901 


2865  I  2775  ;  2135  I  3634  i  2821  .  3341 


28G3  i  3067  I  2965 


1  O. 

2  O. 

3  O. 

4  O. 

Means 

1  A. 

2  A. 

3  A. 

4  A. 

Means 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

Means 


2553 

18U8 

4323 

3714 

3140 

2717 

4194 

3632 

1441  I  2672  ;  2263 
3314   506S  '  3246 


2428 
3548 


3847   3119 
5864   3468 


3670  {  f2294 
4573  7, J  3804 
QQAo  ,  ^  )\  2954 

(4130 


3840 
4765 


3503   29G8   2t>83  I  4362 


3024  i  4S12 


2512 
4050 
3309 
4412 


2403] 
3927  L. 
3132^  ^ 
4271J 


3296  !  3571    3433 


3333 
3483 
32.38 
3925 


2988 
3384 
2(;.35 


2171 
2142 
2117 


3045   2318 


3495 
45.54 
3976 
4984 


2753 
2832 
2719 
3252 


3256 
3189 
3772 
4013 


3021 
3244 
2832 
3283 


3035 
3359 
3138 
3636 


3028 
3302 
2985 
3460 


3495   3013  i  2187  1  4252  i  2889  1  3558 


3095 


2271 

2937 

432 

439 

3587 


13 
4590 


I  2158 

!  2362 

I 


1434 
1270 


423  -  52 

195  -  270 

2435   2323 


268 


3676   3185 


2742   1851  I  3345  |isv/l9i8 
3296   2^08   3794  1'  \l^%\ 


248 

1094 
4962 


14 


298 
-282 
3212 


135 


539  '  (»)  (<^4 
237  ,  0  (71 


3546 


515 


3942  i  3345  .  5020 


I 


2657 


-  71 


3293   3194 


2428  ,  2I91\,, 


2842 

414 

293 
3548 


191 


jCl 


2640  I  4141 


2765 

278X») 
190)0) 
j  3102   , 

60   ! 
3391   . 


1  AAS 

2  AAS 

3  AAS 

4  AAS 

Means 

1  C. 

2  C. 

3  C. 

4  C. 

Means 

1  N. 

2  N. 

M. 
5  0. 
5  A. 

'^ 


(•)  Avei-ages  of  7  years 
19  years. 


I  i  '  : 

(1855-61),  Uitt  10  years,  and  toUl  17  years. 


rs. 
d  total 
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Report  of  Experiments  on  the  Growth  of  Barley j 


ExPBBiHSNTB  OS  the  Gbowth  of  Babijkt  year  after  year  on  tibe  aame  Labd, 

APPENDIX-TABLE  XL 
[N.B.  The  double  vertical  lines  show  that  there  was  a  change  in  the  descriptioiii  or  quantitj,  of  Mi 


HARVTESTS.                                                                        | 

PLOTS. 

1852, 

1868. 

1854. 

1855. 

1856. 

1857. 

1858. 

1858. 

1860. 

1861. 

H 

1  0. 

2  0. 

3  O. 

4  0. 

1P5 
6-6 

13  3 
81 

170 
6-7 

10-5 
8*6 

4*5 

4-6 
8-3 
4-6 

8-9 
3-6 
4-1 

4-8 

19-8 
7-0 

16-9 
9-6 

6-9 
6-1 
3*6 
2-.') 

7*7 
6-6 
7*4 
6-4 

16-5 
15*6 
10-8 
15-4 

11*6 

10-6 

10-2 

7-9 

10-3 
6-8 
8-8 
3-6 

7-6 

10-0 

7-2 

8*9 

4-6 

Si 

36 

3*1^ 

Means 

9-9 

10-5 

4-3 

6-3 

12-9 

4-8 

7-0 

14-6 

10- 1 

7-1 

8-4 

3*5 

1  A. 

2  A. 
8  A. 

4  A. 

11-6 
13'3 
13-7 
130 

12-5 
ll-l 
17-5 
18-5 

7-9 
4-6 
7-3 
4-2 

6-0 
7-5 
7-6 
5-6 

18-1 
9-0 

12*9 
8-5 

6-6 
2-9 
4«1 
2-2 

5-9 
4-1 
5-2 
4-2 

25-0 
15-6 
21-8 
14-3 

11  1 
7-2 
8-1 
6-7 

10-8 
4-4 
6-4 
3-7 

17-3 
«-4 

15-1 
5-8 

5-1 

41 
2« 

Means 

12-9 

13-7 

6-0 

6-7 

12-1 

3-7 

4-8 

19-2 

8-8 

6*3 

11-4 

3*7 

1  AA. 

2  AA. 

3  AA. 

4  AA. 

13'7 
14-5 
16-0 
10-8 

14*5 
11-5 
111 
13*2 

10-9 
9-9 

12-2 
8-3 

8*4 
7-2 
8-9 
6-2 

17-7 
16-0 
24-2 
10-3 

5-2 
3-7 
4-2 
6*2 

4-2 
4-6 
6-4 
4-7 

21-0 
17-6 
27-3 
15-8 

8-5 
5-3 
7-9 
6*0 

9-5 
6-4 
7-2 
6-0 

18*8 
4*8 

19-5 
7-3 

4*2 
4-2 

3*2 

2-0 

Means 

13-5 

12-6 

10-3 

7-7 

17-1 

4-6 

4-7 

20-4 

6*9 

7-8 

12-6 

3*4 

1  AAS. 

2  AAS. 
8  AAS. 

4  AAS. 

< 

Means 

1  0. 

2  0. 

3  0. 

4  C. 

8-4 

8-7 

11  1 

7-4 

13-0 
20-2 
16-8 
13-7 

5-5 
7-4 
8-8 
7-1 

8-9 
7-3 
7-4 
8-7 

10-2 

9*2 

12-4 

12-5 

4-0 
5-1 

4-8 
6-0 

8-6 
4-9 
3-8 
4-1 

11-1 

8-1 

13-4 

19-6 

7-3 
8-3 
6-3 
7-3 

6-0 
4-9 
7-4 
70 

6-9 
51 
9-9 
7-1 

2-9 
3-5 
2*3 
8-1 

Means 

8-9 

15-8 

7-1 

8-1 

111 

4-7 

4-1 

13-1 

7-3 

6-1 

7-2 

2-7 

1  N. 

2  N. 

M. 

5  0. 
5  A. 

«6 

7 

}  (7-o;{ 

(9-3)1 
9-3 

7-9 

8-8 

5-8 

16-0 
12-3 

4-8 
100 

15-1 
11-6 

14-4 

4-1 
10-1 

1 
6-9 

6-1 

7-8 
6-7 

2*8 

4-9 
9-1 

2-1 
2-9 
6-1 

3-8 
4-1 

17-1 
9-5 

10-2 

10-6 

9-8 

20-1 
15*7 

9*3 

3*9 

4-9| 

7-0 
6-1 
2*3 

8-9 
6-4 

4-8 

5-9 
4-6 

6-0 
6-2 
5-9 

6*0 
6«1 

4-0 

17-2 
16*2 

8*8 

18-0 

9-9 

14-5 
18-0 

18-4 

10-5 
11-7 

13-8 

13-9 

9-7 

13-9 
15-2 

6-8 

11-3 
8-8 

5-2 
4-8 
7-2 

8*4 
7*1 

6-4 

13-4 
11*0 

15-9 
21*5 
8-7- 

7*8 
19*6 

7*6 

4*4 

3*9 

3*1 

2*6 
2*8 

3-5 

4-2 

1*9 

C)  Aversgw  of  9  yean  (1853-*6lX  hwt  10  ywi* 
0)  ATemgei  of  9  jmiv  (1853-'61> 


for  Ttoenty  Yeart  in  succession  an  the  same  Land. 
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with  different  desoriptionB  of  DIavubb.    Hoob  Field,  Bothamsted 

essed  Corn. 

licftted,  for  partienlan  of  which  Me  Appendix-Tdble  I.,  and  side-notes  thereto,  p.  1 79.] 


HARVESTS. 

1 

1871.  1 

1 

Atsraob  Asxual. 

1866. 

186T. 

1868. 

1868. 

1870. 

FInt 

lOTmn, 
1S62-'61. 

Second 
10  YeuPB, 
1862-'71. 

Total 

Period. 

20Yean» 

lea^*?!.  1 

PLOTa 

5-1 

10-1 

2-4 

5-5 

4-3 

5-2 

11-4 

5-2 

8-3 

1  0. 

1-7 

8  9 

2-8 

9-0 

1-9 

2-6 

7*2 

4*3 

6-8 

2  0. 

3*8 

7-1 

3-4 

6-8 

2-0 

3-2 

8-8 

4-3 

6*6 

3  O. 

4*3 

5-4 

2-6 

6-7 

2-5 

3-4 

7-1 

4-0 

5-6 

4  0. 

3-7 

6-6 

2-8 

1 

6-8 

27 

3-6 

8*6 

4-4 

6-5 

Means 

6-8 

7-3 

4-5 

9-6 

1-6 

5-2 

11-5 

6-6 

9-0 

1  A. 

2*3 

3-2 

1-8 

4-1 

l-l 

7-6 

8*0 

3-6 

5-8 

2  A. 

7-4 

5-5 

2-5 

5-0 

1-4 

41 

10-5 

6-1 

7-8 

3  A. 

2-6 

3  0 

2*6 

0-8 

1-2 

5-6 

7-6 

3*0 

6*3 

4  A. 

4*8 

4-8 

2  9 

4-9 

1-8 

5-6 

9-4 

4*6 

7*0 

Means 

9*9 

7-1 

3-2 

3-7 

2-0 

6-3 

11-4 

6*3 

8*9 

1  AA. 

4*0 

2-9 

1-9 

3*2 

0-9 

6-4 

9-7 

8*4 

6*5 

2  AA. 

6-7 

6*2 

3*9 

6-1 

2-1 

6-7 

12-3 

6*0 

9-2 

3  AA. 

4-7 

4*8 

1-7 

2-7 

1-2 

3-6 

8-6 

3*2 

6-0 

4  AA. 

6*3 

6*8 

2-7 

4-0 

1-ft 

5-7  , 

10-5 

•4-7 

7*6 

Means 

4*5 

4-9 

3-1 

6-4 

1-7 

3-6 

(  4  0 

3-7 

3*9 

1  A  AS. 

8*4 

2-7 

2-5 

2-1 

0-9 

5-5 

^^    3-7 

2-8 

«-8  /I, 

2  AA9. 

6*4 

3-8 

1-9 

5-9 

1-2 

50 

8*5 

3*6  ^  A 

3  AAS. 

2  9 

8«8 

1-8 

4  2 

1-0 

6-5 

I  3-0 

3-4 

3-2j     1 

1 

'  4  AAH. 

1 

4«3 

3-8 

2-3 

4-7 

1-2 

61 

3-4 

3*3 

3-4 

Means 

4*1 

5«2 

2-1 

2*9 

1-0 

3-2 

7-7 

3*5 

56 

1  C. 

3*4 

8*6 

3*2 

4-0 

1-0 

3-7 

8-4 

3-2 

5-8 

2  0. 

3-9 

4-3 

2-0 

3-7 

1-7 

5-6 

9-1 

3-9 

6-5 

3  a 

4-7 

3-1 

2-1 

2*2 

1-1 

4-6 

9-2 

3-4 

6-3 

4  C. 

4-0 

4-0 

2-3 

3-2 

1-2 

4  3 

8*6 

3-5 

6-1 

Means 

6*9 

6*8 

4*6 

7-8 

1-7 

4*2 

C){  9-9 

5*7 

l'-> 

1  N. 

>      4*8 

4-6 

2*6 

4-6 

1-5 

6-9 

4-7 

2  N. 
M. 

t       4-4 

6M 

3-3 

6-8 

2-8 

4-7 

0(7-6 

5*6 

6-4)(») 

)       4-0 

6-3 

2*4 

6-8 

2-8 

3-8 ; 

(0(7-6 

5-6 

6-5X0 

5  O. 

\      2-2 

3-8 

re 

2-2 

1-3 

5-8 

7-5 

3*5 

5*5 

5  A. 

)      8  7 

12*1 

3-3 

9-0 

3-2 

4-8 

10-4 

6*0 

8-2 

2}« 

S      5-7 

1    8-0 

2-4 

7-0 

2-8 

3-0 

9-9 

6*1 

8*0 

3      5*1 

4-6 

1 

1-9 

8-8 

1-0 

5*6 

7-1 

3-7 

5*4 

7 

mn.  (S)  Arengcs  of  7  yean  (1855-'6lX  lait  10  jeaiB»  and  total  17  jean. 

sad  total  19  jean. 
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Report  qf  Experimejds  on  the  Grouch  of  Barle^^ 


ExpxBiMBNTS  on  the  Gbowth  of  Bablet  year  after  year  on  tiie 

APPEKDIX-TlU 

r  N.  B.  The  double  vertical  lines  show  that  there  was  a  change  in  the  d 


HARVESTS. 


PLOTS. 


18&2. 


1858.    1864.    1866.    1866.    1867.  ^  1868.  \  1869.     18GQl    UB. 


■\ 


1  0. 

85 

77 

80 

90 

82 

1     1 
102    99  ; 

76 

^       ^» 

i 

r  \ 

2  0. 

87 

97 

88 

99  \ 

90  ' 

107    99 

85 

89 

^5    \ 

8  0. 

84 

82 

87 

98  1 

91 

103  1 

102  ' 

80 

89 

e4  1 

4  0. 

83 

88 

92 

1 

103  1 

96 

114 

98  ' 

87   1 

94 

'   Si  1 

Means 

85 

86  1 

87   ; 

97 

90  ; 

106    99 

82  ; 

90 

>-,' 

1  A. 

81 

86 

81 

90 

75  i 

107 

102 

72 

90 

:s'i 

2  A. 

76 

83 

75 

80 

61  < 

105 

89 

7.3 

84 

.  ^i" 

3  A. 

79 

80 

77 

81 

79 

96 

97 

65 

85 

75 

4  A. 

76 

78 

76 

77 

67 

103  ! 

88 

66 

8U 

»'!• 

Means 

78 

82 

77 

82  1 

70 

103    94 

69 

\  ^^ 

;   Ml 

1  AA. 

83 

82 

78 

.73 

75 

103  ' 

102 

76 

1   9* 

,  m'" 

2  AA. 

78 

77 

73 

63 

48 

100  ' 

86 

72 

1  t-a 

»t ' 

3  AA. 

82 

77 

73 

68 

51 

93 

93 

69 

1   82 

4  AA. 

80 

73 

65 

58 

61 

91 

79 

bl 

:  77 

■  *♦(• 

Means 

81 

77 

72 

65 

56 

97 

90 

70 

84 

1   - 

1  A  AS. 

2  A  AS. 

I 

3  AAS. 

■ 

1 

4  AAS. 

1 

■'        1 

Means 

I 

1 

.     ! 

1  C. 

80 

77 

70 

66 

1  64 

95 

87 

74 

89 

•   i4lS   5 

2  C. 

77 

78 

70 

71 

54 

94 

84 

71 

89 

'   M 

> 

3  C. 

78 

75 

70 

66 

58 

99 

84 

70 

86 

v*5 

2 

4  C. 

78 

75 

72 

66 

1  54 

1  95 

81 

65 

88 

90 

s 

Means 

78 

76 

70 

i   «7 

1  58 

;  96     84 

1 
70 

88 

•   93 

t 

I  N. 

}  <^^>{ 

79 
:  73 

73 

j   90 

i  76 

96     95 

1 
67 

83 

73 

5 

2  N. 

73 

1   72 

i  69 

90  1    94 

64 

81 

71 

:^ 

M. 

1 

;  101 

1  85 

119 

1 

107 

86 

76 

92 

M 

6  0. 

(72)1 

84 

77 

108 

87 

118 

:  103 

{  82 

"7 

81 

y. 

5  A. 

72 

1  86 

I 

74 

75 

67 

'   99 

86 

64 

1 

i  4 

7S 

:* 

H^ 

85 

82 

79 

102 

87 

;  105  1  111 

1 

76 

85 

$5 

s 

92 

87 

82 

106 

:   87 

I  106    112 

1   «4 

1 

83 

SO 

y. 

7 

89 

84 

75 

90 

75 

1 

no    89 

1  74 

• 

82 

''i 

1' 

(')  Averages  of  4  yeai*8,  4  yeiuf,  and  8  yt'aj's. 


(*)  Averages  of  9  y«ii^  (18:>3-"6i>cs 
(*)  Avenigfsof9j<»: 


V    • 


for  Twenty  Years  in  succession  on  the  same  Land. 


201 


Mamurs,  and  with  difTerent  descriptions  of  Manttbe.    Hoos  Field,  Botbamsted. 

Corn  to  100  Straw  (and  Chaff). 

at  the  period  indicated,  for  particulars  of  which  see  Appendix-Table  L,  and  side-notes  thereto,  p.  1 79.] 


1864. 


96 
103 
102 
104 


101 


99 

93 

119 

85 


99 


87 


88 
85 
87 
76 


84 


97 
85 
84 
81 


87 


HARVESTa 


1886.    1866. 


PLOTS. 


1867. 


112 
123 
114 
121 


80 
86 
91 
92 


85 

101 

85 

88 


117 


87 


90 


114 
109 
105 
101 


85 

88 

83 

89 

77 

97 

82 

83 

84 

86 

86 

85 

107 


85 


83 


93 

105 

82 

87 

92 

89 

101 

92 

71 

102 

86 

101 

80 

7H 

87 

79 

96 

93 

81 

1 

90 

101 


87 


r    I 


I 


79 


78 

98 

101 

96 


89 
87 
84 

87 


87 
75 
83 
80 


93 


87 


104 
102 
108 
107 


97 

100 

92 

92 


82 


105 


95 


87 


87 
87 

101 
93 

81 
85 

79 
83 

67 
75 

77 
72 

97 
97 
79 

109 

108 

97 

76 

104 

79 

87 
96 
80 

67 
91 
92 

78 
80 
72 

96 
94 

121 
109 

76 
89 

89 
92 

72 
72 

78 
75 

88 

103 

1 

87 

86 

93 

85 

77 

99 

91 

93 

89 

90 

89 

87 

132 

107 

93 
171 
101 

98 
96 

123 


75 
75 

78 
77 
78 

75 
90 

78 


.nJ  81 
^\   76 

86 

85 

O  (95 

84 

(*)  (91 

101 

78 

83 

90 

89 

92 

91 

86 

91 

Means 


841^, 
81 


}«    2  N. 


89)(») 


M. 


96)C0    5  O. 
80      I    5  A. 


90 
91 

89 


2/« 


and  total  19  years.  (*)  Averages  of  7  year*  (1855-'61),  last  10  yeare,  and 

last  10  y<>flifi,  and  total  19  years. 


total  17  yean. 

Q  4 


LONDON: 

ntlHTBD  BT  WnXUM  CLOWES  AND  SONS,  SFAMVOBD  STREKT 

AMD  CHARIKO  CBUSe. 


UNEXHAUSTED 


TILLAGES   AND   MANURES, 


WITH  BETSRINOI  TO  THS 


LANDLORD  AND  TENANT  (IREUND)  ACT, 

1870. 


UNEXHAUSTED 


TILLAGES  AND  MANURES, 


WITH   REFERENCE  TO  THE 


LANDLORD  AND  TENANT  (IRELAND)  ACT, 

1870. 


BY 

J.  B.  LAWES,  Esq.  F.R.S.,  F.C.S. 


DUBLIN: 
JOHN  FALCONER,  53,  UPPER  SACKVILLE-STREET. 

1874. 


CONTENTS. 

PAOB. 

Introduction            -            -            -            -            -            -  -7 

Relation  between  Landlord  and  Tenant       -            -            -  -     10 

nnezhansted  Tillages         -            -            -            -            -  -     12 

Manures     -           -            -            -            -            -            -  -14 

Unexhausted  Manures        -            -            •            -            -  -     18 

1.  Manure  from  purchased  Cattle-food           -            -  -    24 

2.  Farm-yard,  or  Town-stable  Manure             -            -  -    30 

3.  Rape-cake  (or  other  Cake)  used  as  Manure  -            -  -    32 

4.  Bones          -   .         -            -            -            -            -  -    33 

5.  Nitrate  of  Soda       -            -            -            -            -  -    35 

6.  Salts  of  Ammonia    -            -            -            -            -  -    37 

7.  Snpeiphosphate  of  Lime,  made  from  Mineral  Phosphates; 

and  other  purely  Mineral  Manures         -            -  -    37 

8.  Guano,  in  its  Natural  State,  or  Manufactured           -  -    39 

9.  Other  Manures  of  more  or  less  unknown  Composition  -    42 
10.  Liming,  Chalking,  Marling,  &c       -            -            -  -     46 

The  Case  of  Tr}-e  v,  the  Duke  of  Leinster    -            -            -  -    47 


UNEXHAUSTED 


TILLAGES  AND   MANURES; 


WITH  RBFBBENCB  TO  THK 


LANDLORD  AND  TENANT  (IRELAND)  ACT,  1870. 

INTRODUCTION. 

Having  been  summoned  as  a  witness  in  the  case  of 
Trye  v.  The  Duke  of  Letnster,  when  heard  on  appeal 
before  the  Lord  Chief  Justice  of  Ireland,  at  Naas, 
last  summer,  and  being  present  throughout  the  trial, 
I  was  much  struck  with  the  great  difficulties  under 
which  both  counsel  and  judge  laboured,  for  want  of 
some  definite  rules  to  guide  their  inquiries. 

The  case  was  the  first  claim  of  importance  made 
for  compensation  under  the  Act  of  1870,  for  the 
value  of  ''tillages,  manures,  or  other  like  farming 
works,  the  benefit  of  which  is  unexhausted  at  the 
time  of  the  tenant  quitting  his  holding. "  Mr.  Trye 
had  entered  upon  the  farm  in  1867,  as  assignee  of 
a  lease  dating  from  1853,  and  expiring  in  1873 ; 
and  the  question  was  admitted  to  be,  whether,  com- 
paring the  condition  of  the  land  at  the  expiration 
of  the  lease  in  1873,  with  that  at  the  commence- 
ment of  the  term  in  1853,  a  claim  for  unexhausted 
tillages  and  manures  could  be  established. 
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This  appeared  to  me  to  be  a  very  simple  question. 
Yet  the  hearing  of  the  case  occupied  a  whole  day 
when  tried  at  the  Quarter  Sessions  before  the  Chair- 
man of  the  county  of  Kildare,  and  part  of  three  days 
when  heard  on  appeal  before  the  Lord  Chief  Justice 
of  Ireland, 

The  farm  comprised  something  over  136  Irish 
acreSy  equal  to  about  220  statute  acres.  Technically, 
the  claim  put  in  was  in  the  form  of  an  account  of 
the  total  expenditure  of  the  tenant  on  the  farm 
during  the  six  years  of  his  occupation  from  March, 
1867,  to  March,  1873,  amounting  to  £4,902  10s.  Od., 
as  under : — 


Manual  labour,  tilling,  and  cultivating  farm. 

Horse  labour,  do.  do. 

Home-made  manures, 

Artificial  pianures. 

Oilcake,  meal,  and  feeding  cattle. 

Buildings,  roads,  gates,  fences,  &c.,  &c.. 


£ 

8. 

d. 

.    1,900 

0 

0 

.  1,200 

0 

0 

.   562 

10 

0 

.   447 

0 

0 

.   455 

0 

0 

.   338 

0 

0 

£4,902 

10 

0 

The  claim  actually  urged  was,  however,  for  some- 
thing over  £1,000 ;  and  the  amount  tendered  by  the 
defendant  was  £123  2s.  Od. 

Although  the  dispute  was,  in  this  case,  between 
the  outgoing  tenant  and  the  landlord,  it  should  be 
remembered  that  any  payment  for  compensation  to 
an  outgoing  tenant  will,  as  a  rule,  eventually  fall 
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upon  the  incoming  tenant.  Tenant  farmers,  a«  a 
body,  are,  therefore,  equally  with  the  landlord,  in- 
terested in  the  establishment  of  a  fair  and  equitable 
basis  for  the  settlement  of  claims  for  unexhausted 
improvements. 

It  is  natural  enough  that  an  unsuccessful  farmer 
should  consider  that  the  money  which  he  has  sunk 
on  a  farm  he  i^  leaving  is  so  much  latent  wealth  to 
be  taken  out  by  his  successor.  It  by  no  means 
follows,  however,  that  because  money  has  been 
expended  there  remains  a  valuable  residue  within 
the  soil  from  previous  manuring ;  whilst,  in  the 
present  state  of  our  knowledge,  the  determination 
of  the  value  of  any  such  residue  is  admittedly  a 
matter  of  considerable  difficulty  and  uncertainty. 
Being  much  impressed  with  this,  I  suggested,  in  a 
paper  on  the  "  Valuation  of  Unexhausted  Improve- 
ments,^^ read  before  the  London  Farmers'  Club,  on 
April  4,  1870,  that  the  valuation  should  be  based 
on  the  produce,  rather  than  on  an  estimate  of  the 
value  of  the  residue  of  the  manures.  My  con- 
clusions on  the  point  were  summed  up  briefly  as 
follows : — 

^*No  simple  rules,  applicable  to  various  descrip- 
tions of  soil,  season,  crop,  and  manure,  can  be  laid 
down  for  the  valuation  of  the  unexhausted  residue 
of  previously  applied  manures  which  have  already 
yielded  a  crop. 
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"  By  the  valuation  of  so  much  of  the  farm-yard 
manure,  and  of  so  much  of  the  manure-constituents 
derived  from  purchased  cattle  food  as  have  not  yet 
yielded  a  crop,  and  also  of  the  straw  of  the  last 
harvest,  fair  compensation  may  be  made  to  the  out- 
going tenant,  whilst  the  inccrming  tenant  will  only 
be  required  to  pay  for  that  which  has  a  fixed  and 
easily  ascertainable  money-value." 

In  default  of  the  adoption  of  the  principles  of 
valuation  above  indicated,  it  may  be  well,  as  a  con- 
tribution towards  the  settlement  of  this  difficult 
question,  to  direct  attention  to  some  of  the  data 
furnished  by  my  experiments  at  Rothamsted,  as 
to  the  amount  and  condition  of  the  unexhausted 
residue  left  in  the  soil  by  different  descriptions  of 
manure,  and  to  attempt  to  construct  a  scale  of 
valuation  for  different  manures,  founded  partly  on 
those  data,  and  partly  on  the  recognized  experience 
of  practical  agriculture. 

RELATION   BETWEEN    LANDLORD   AND   TENANT. 

The  owner  of  land,  not  wishing  himself  to  cultivate 
it,  lets  it  to  some  one  who  is  willing  to  do' so,  and  to 
pay  him  annually  a  sum  of  money  for  the  use  of  a 
house,  premises,  and  a  certain  number  of  acres. 
Either  a  lease  is  granted;  or  the  land  is  let  from 
year  to  year.  At  any  rate,  certain  covenants  are 
generally  entered  into,  fixing  the  course  of  cropping. 
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what  produce  may  be  sold,  what  must  be  consumed 
on  the  farm,  and  so  on.  In  the  absence  of  any- 
such  covenants,  the  ordinary  custom  of  the  locality 
is  considered  to  be  binding.  The  general  object  of 
whatever  arrangement  may  be  made,  is  to  secure 
that  the  land  shall  be  given  up  in  as  good  a  state 
of  cultivation,  and  condition,  as  it  was  when  it  was 
entered  upon. 

It  often  happens,  however,  that  the  tenant  con- 
siders it  his  interest  to  farm  the 'land  better  than  he 
is  bound,  either  by  agreement  or  by  custom,  to  do. 
He  invests  his  money  in  deeper  and  better  culti- 
vation, or  in  the  purchase  of  cattle-foods  or  manures, 
or  both.  In  doing  so  he  doubtless  derives  benefit 
himself  in  the  meantime  ;  but,  however  long  he  may 
stay,  if  he  continue  the  better  cultivation,  or  a  system 
of  importation,  to  the  end  of  his  holding,  and  does 
not  sell  either  green  crops  or  dung,  he  cannot  reap 
the  full  benefit  from  his  outlay.  The  better  he  culti- 
vates the  more  lasting  will  be  the  effects ;  whilst  ^ 
portion  of  his  manures  will  inevitably  stick  in  the 
soil.  Unlike  the  tenant  of  a  house,  who  puts  in  his 
own  furniture,  enjoys  the  use  of  it  whilst  he  stays,  and 
removes  the  whole  of  it  when  he  leaves,  the  tenant 
of  a  farm  cannot  carry  away  with  him  his  unex- 
hausted "tillages  and  manures."  The  Irish  Land- 
lord and  Tenant  Law  says,  therefore — and  it  is 
asked  that  something  of  the  same  kind  should  be 
said  in  regard  to  England  and  Scotland  also — that 
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the  retiring  tenant  shall  receive  the  value  of  his 
unexhausted  improvements.  In  the  Act  for  Ireland, 
the  difficult  task  of  determining  what  that  value  is 
has  been  imposed  upon  the  judges  of  the  country. 

UNEXHAUSTED  TILLAGES. 

The  term  "unexhausted  tillages"  would  include 
all  mechanical  working  of  the  land  by  the  outgoing 
tenant,  "  the  benefit  of  which  is  unexhausted  at  the 
time  of  the  tenant  quitting  his  holding," 

In  almost  all  cases,  certain  acts  of  husbandry 
performed  by  the  outgoing  tenant  are  paid  for  by 
his  successor,  in  accordance  with  the  provisions  of  a 
lease  or  agreement,  or  the  custom  of  the  locality.  In 
addition  to  matters  so  provided  for,  the  Legislature 
has,  in  the  Irish  Land  Act  of  1870,  authorized  the 
outgoing  tenant  to  claim,  and  receive,  compensation 
for  acts  of  tillage  which  he  was  not  by  his  covenants 
bound  to  perform,  provided  he  can  prove  such  acts 
to  be  of  a  certain  money  value  to  the  owner  of  the 
land,  or  to  the  incoming  tenant. 

For  example,  supposing  the  tenant  have  held  the 
land  under  agreement  to  cultivate  it  on  a  five-course 
shift  of  roots,  barley,  seeds,  wheat,  and  oats ;  but 
that,  after  his  wheat  crop,  he  finds  his  land  too  foul 
to  take  oats  with  advantage,  and,  therefore,  decides 
to  fallow  it  instead,  and  in  that  condition  gives  up 
his  holding.  He  would  then  have  had  to  pay  rent, 
taxes,  and  all  the  expenses  of  cultivating  the  land, 
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without  any  return  for  this  outlay.  Under  the  Irish 
Land  Act  of  1870^  he  can  obtain  compensation  for 
such  expenditure. 

A  clean  fallow,  cultivation  for  a  root-crop,  subsoil 
ploughing;  and  even  steam  cultivation,  each  and  all 
may,  according  to  circumstances,  be  fair  subjects  for 
compensation. 

Previous  to  the  passing  of  the  Act  of  1870,  if 
the  out-going  tenant  gave  up  a  larger  number  of 
'  acres  under  fallow,  or  roots,  than  he  entered  upon, 
he  would,  in  justice,  have  had  a  claim  to  compen- 
sation, but  now  the  law  enables  him  to  enforce  it. 
But  whether,  if  the  area  so  given  up  be  not  in 
excess  of  that  received,  he  can  now  establish  a  claim 
in  regard  to  such  acts  of  cultivation,  must  depend 
altogether  upon  the  construction  of  the  Act,  and 
the  decision  of  the  judge  accordingly.  Subsoil 
ploughing,  or  steam  cultivation,  if  undertaken  over 
and  above  what  was  required  of  the  tenant  by  agree- 
ment, if  any,  would  also  be  fur  subjects  of  claim 
for  compensation. 

Indeed,  in  all  cases  where  the  circumstances  are 
not  specially  provided  for  by  lease  or  agreement,  it 
is  not  the  actual  condition  in  which  the  farm  is 
given  up,  as  regards  unexhausted  tillages,  but  the 
difference  between  that  condition  and  the  condition 
in  which  it  was  entered  upon,  that  constitutes  a  fair 
subject  of  claim  for  compensation  by  the  one  party 
or  the  other. 
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Land-drainage  would  obviously  be  included  under 
the  words  "  tillages,  manures,  or  other  like  farming 
works,  the  benefit  of  which  is  unexhausted  at  the 
time  of  the  tenant  quitting  his  holding."  Such 
works  are,  however,  seldom  undertaken  excepting 
under  special  arrangement  between  the  landlord 
and  tenant.  When  the  circumstances  are  not 
covered  by  such  arrangement,  any  disputed  claim 
could  only  be  settled  on  the  evidence  of  those  who 
have  made  the  subject  of  drainage  a  special  study ; 
and,  as  the  course  of  my  experiments  has  not 
afibrded  me  special  or  varied  experience  in  regard  to 
it,  I  think  it  better  not  to  enter  into  any  discussion 
of  the  question  here. 

MANURES. 

Before  considering  the  question  of  unexhausted 
manures,  it  will  be  well  to  say  a  few  words  on  the 
action  and  value  of  manures  generally,  and  especially 
on  the  difierence  in  the  action  and  value  of  difierent 
descriptions  of  manure. 

The  term  manure  includes  a  great  variety  of  sub- 
stances, which,  when  applied  to  the  soil,  increase 
the  growth  of  crops.  Formerly,  the  only  manure 
employed  was  that  produced  by  animals  consuming 
food,  and  using  Utter,  which  were  exclusively  the 
produce  of  the  farm  itself.  Modem  agriculture  has 
greatly  altered  this  state  of  things.  We  have  now 
a  long  list  of  manures,  derived  from  sources  external 
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to  the  farm  itself,   which  are   in  common  use  by 
farmers. 

The  following  is  an  enumeration  of  the  most 
important  of  the  manures,  the  unexhausted  residues 
from  which  are  likely  to  become  the  subjects  of 
claim  for  compensation  : — 

1.  Manure  produced  from  purchased  (or  saleable) 
cattle  food. 

2.  Farm-yard,  or  town-stable  manure.* 

3.  Rape-cake  (or  other  Cake)  used  as  manure. 

4.  Bones. 

6.  Nitrate  of  Soda. 

6.  Salts  of  Ammonia. 

7.  Superphosphate  of  Lime,  made  from  mineral 
phosphates ;  and  other  purely  mineral  manures. 

8.  Guano,  in  its  natural  state,  or  manufactured. 

9.  Other  manures  of  more  or  less  unknown  com- 
position. 

10.  Liming,  chalking,  marling,  &c. 

The  difference  in  the  price  at  which  the  different 
items  of  purchased  manure  in  this  list  can  be 
brought  upon  the  farm  is  very  wide  indeed. 

By  way  of  illustration,  it  may  be  assumed,  that 
town-made  dung  will,  in  the  majority  of  cases  in 
which  it  is  largely  used,  cost  the  farmer  about 
7s.  6d.  per  ton  delivered  on  his  farm.  Nitrate  of 
soda  will,  however,  cost  him  at  least  15a  per  cwt., 
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and  as  a  rule  more.  Thus,  lie  finds  it  worth  his 
while  to  give  as  much,  or  more,  for  1  cwt  of  nitrate 
of  soda,  as  for  2  tons  of  stable  dung ;  or,  in  other 
words,  more  than  40  times  as  much  for  an  equal 
weight  of  the  one  manure  as  of  the  other. 

Sulphate  of  ammonia  is  dearer  than  nitrate  of 
soda ;  and  although  it  is  not  purchased  to  any  great 
extent  directly  by  the  farmer,  it  is  much  used  in  the 
manufacture  of  mixed  artificial  manures. 

Again,  Peruvian  guano,  when  of  good  quality, 
contains  a  considerable  quantity  of  ammonia,  as 
well  as  phosphates,  and  costs  about  £13  per  ton; 
whilst,  inferior  guano^  poor  in  anmionia  but  rich 
in  phosphate  of  lime,  and  superphosphate  of  lime, 
containing  no  ammonia  at  all,  sell  for  only  about 
one-third  as  much. 

Nitrate  of  soda  contains  its  nitrogen  as  nitric  acid, 
sulphate  of  ammonia  contains  it  as  ammonia,  and 
Peruvian  guano  also  contains,  or  by  decomposition 
yields,  it  as  ammonia.  In  fact,  the  money-value  as 
manure,  of  nitrate  of  soda,  or  sulphate  of  ammonia, 
is  exclusively,  and  that  of  Peruvian  guano  chiefly, 
due  to  the  nitrogen  they  contain. 

Thus,  it  will  be  seen,  that  the  highest  priced 
manures  are  those  which  are  rich  in  nitrogen.  A 
few  illustrations  may  here  be  given  of  the  effects  of 
nitrogenous  manures  upon  the  growth  of  crops. 

Bai*ley  has  been  grown  in  one  field  at  Bothamsted 
for  more  than  20  years  in  succession.      On  one  por- 


Unexhausted  Tillages  and  Manures.  17 

tion  there  has  been  applied^  every'  year,  a  mineral 
manure  consisting  of  salts  of  potass,  soda,  and 
magnesia,  and  superphosphate  of  lime;  and  the 
average  produce  over  20  years  was  27^  bushels  of 
dressed  com  per  statute  acre.  On  other  portions, 
there  were  used,  every  year,  the  same  mineral 
manures,  with  the  addition  of  nitrate  of  soda,  or 
ammonia-salts,  and  the  average  produce  then 
reached  very  nearly  50  bushels  per  acre  per  annum ; 
or  nearly  double  that  by  the  mineral  manures  used 
alone.  Indeed,  the  produce  obtained  by  using  this 
mixture  of  mineral  and  nitrogenous  manure  was 
even  rather  higher  than  that  yielded  by  the  annual 
use,  for  20  years  in  succession  on  the  same  land,  of 
14  tons'of  farm-yard  manure  per  acre. 

In  an  immediately  adjoining  field,  wheat  has  been 
grown,  without  manure,  and  by  different  descrip- 
tions  of  manure,  for  thirty  years  in  succession,  and 
with  very  similar  results.  Mineral  manures  alone 
have  given  very  little  increase  of  produpe;  nitro- 
genous manure  alone,  in  the  form  of  nitrate  of  soda 
or  ammonia-salts,  has  given  considerably  more 
produce  than  mineral  manure  alone ;  and  the  mix- 
ture of  mineral  and  nitrogenous  manures  has  yielded 
more,  of  both  corn  and  straw,  than  the  annual 
application  of  farm-yard  manure. 

Thus,  then,  not  only  are  those  manures  which  are 
rich  in  nitrogen  the  highest  priced,  but  direct  ex- 
periments, extending  over  a  long  series  of  years. 
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have  shown  that  nitrogen  has,  in  reality,  a  higher 
money-value  for  the  purposes  of  manure  than  any  of 
the  other  substances  used. 

It  will  be  seen  further  on,  how  much  the  settle- 
ment of  all  questions  of  compensation  for  unexhausted 
manures  must  depend  upon  the  estimate  formed  of 
the  amount,  and  the  condition,  of  the  nitrogen  of 
the  manure  remaining  in  the  soil ;  and  how  much 
this,  in  its  turn,  must  depend  on  the  description  of 
the  manure  employed,  the  character  of  the  soil  to 
which  it  has  been  applied,  the  characters  of  the 
seasons,  and  the  kinds  of  crop  which  have  been 
grown  since  the  application. 

UNEXHAUSTED  MANURES. 

When  a  manure  is  applied  to  the  soil,  what 
happens  ?  This  point  may  be  illustrated  very  use- 
fiilly  for  our  present  purpose  by  reference  to  direct 
results  obtained  at  Rothamsted. 

To  certain  plots,  given  quantities  of  salts  of  potass, 
soda,  and  magnesia,  superphosphate  of  lime,  and 
salts  of  ammonia  (or  nitrate  of  soda),  have  been 
applied  every  year;  and,  for  between  20  and  30 
years,  full  crops  of  wheat  and  of  barley  have  been 
obtained  under  this  treatment 

Analysis  of  the  produce  has  shown,  that  a  large 
proportion  of  the  nitrogen  supplied  in  the  manure 
has  remained  unrecovered  in  the  increase  of  the 
crop  produced  by  its  use.     Still,  any  reduction  in 
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the  quantity  annually  applied  was  followed  by  a 
diminution  in  the  amount  of  the  crop ;  or^  if  the 
application  were  entirely  stopped,  there  was  fre- 
quently little  or  no  effect  upon  succeeding  crops 
from  any  unexhausted  residue. 

Analysis  of  the  soil  showed,  that  a  portion  of  the 
nitrogen  of  the  manure  which  was  not  recovered  in 
the  increase  of  crop  was  accumulated  within  the 
soil ;  but,  that  there  yet  remained  a  large  amount 
of  the  supplied  nitrogen  to  be  otherwise  accounted 
for  than  either  in  the  crop  or  in  the  soil 

It  was  next  determined  that  the  drainage-water 
from  the  various  plots  of  the  experimental  wheat 
field,  which  was  already  pipe-drained,  should  be 
examined.  Numerous  analyses  of  the  drainage- 
water  from  the  differently  manured  plots,  collected 
at  different  periods  of  the  year,  have,  by  their 
own  desire,  been  made,  independently,  by  Professor 
Voelcker,  and  by  Professor  Frankland.  Their  results 
proved — ^that  the  drainage-waters  frequently  con- 
tained a  large  amount  of  nitrogen  in  the  form  of 
nitrates;  that  the  quantity  of  nitrates  was  the 
greater  the  greater  the  amount  of  ammonia-salts 
applied  as  manure ;  and  that  (after  autumn  sowing) 
the  quantity  was  very  much  greater  in  the  winter, 
than  subsequently  in  the  spring  and  summer. 

In  one  case,  after  a  heavy  dressing  of  ammonia- 
salts.  Dr.  Frankland  found  a  quantity  of  nitrates  in 
the  drainage-water,  which  would  correspond   to  a 
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loss  of  nearly  18  lbs.  of  nitrogen  per  statute  acre, 
provided  an  inch  of  rain  had  passed  as  drainage  of 
that  strengtL  On  another  occasion,  after  a  heavy 
dressing  of  nitrate  of  soda,  Dr.  Voelcker  found  a 
quantity  of  nitrates  in  the  drainage-water,  which, 
reckoned  in  the  same  way,  would  be  equivalent  to  a 
loss  of  about  13  lbs.  of  nitrogen  per  acre. 

Lastly,  on  this  point,  calculation  led  to  the  con- 
clusion, that  most  probably  the  whole  of  the  nitrogen 
which  had  been  supplied  as  manure  in  the  ammonia- 
salts,  or  nitrate  of  soda,  and  which  was  not  either 
recovered  in  the  increase  of  crop,  or  retained  by  the 
soil  in  a  very  slowly  available  condition,  was  drained 
away  and  lost. 

When  the  manure  employed  contains,  or  yields, 
ammonia,  what  happens  is,  that  the  ammonia  becomes 
oxidated  in  the  soil,  and  so  converted  into  nitric 
acid,  which  is  washed  away  in  the  drainage-water^ 
cliiefly  in  combination  with  lime,  or  soda,  or  both,  if 
not  in  the  meantime  token  up  by  a  growing  plant 
When,  however,  nitrate  of  soda  is  applied,  its  great 
solubility,  and  the  much  less  power  of  the  soil  for 
the  absorption  of  it,  or  of  its  products  of  decompo- 
sition, than  for  that  of  ammonia,  render  it  extremely 
liable  to  loss  by  drainage  if  heavy  rain  should  follow 
soon  after  sowing. 

Although  the  nitrogen  of  manures  is  thus  found 
to  be  very  liable  to  loss  by  drainage,  direct  experi- 
ments show  that  the  two  important  mineral  con- 
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stituentSy  ^phosphoric  acid  and  potass^  are  much  less 
liable  to  such  loss. 

Thus,  Dr.  Voelcker's  analyses  of  the  drainage- 
waters  showed  them  to  contain  very  little  of  either 
phosphoric  acid  or  potass  ;  and  analyses  of  the  soils 
themselves,  made  by  Hermann  von  liebig,  son  of 
the  late  Baron  Liebig,  showed  that  they  contained 
considerably  more  of  both  phosphoric  acid  and 
potass — especially  in  the  upper  layers — the  greater 
had  been  the  supplies  of  them  by  manure.  Experi- 
ments in  the  field  further  showed  that  these  sub- 
stances, though  remaining  dormant  and  ineffective 
in  the  soil  in  the  absence  of  a  sufficient  supply 
of  nitrogen,  become  effective,  even  for  20  years, 
or  more,  after  their  application,  if  nitrogen  in 
an  available  form  be  also  provided  within  the 
soil 

It  is  proved,  then,  that  of  the  three  constituents 
of  manures — nitrogen,  phosphoric  acid^  and  potoM — 
(which,  in  the  sense  that,  by  the  production  and  sale 
of  corn  and  meat,  they  are  the  most  likely  to  become 
relatively  deficient,  are  the  most  important  consti- 
tuents of  manures  generally)  the  nitrogen  is,  at  any 
rate  when  applied  .as  a«.monia-salts  or  nitrate  of 
soda,  very  liable  to  loss  by  drainage,  whilst  the 
phosphoric  acid  and  potass  are,  in  a  much  greater 
Lgree,  retained  by  the  soil 

•  When  farm-yar^  manure  is  employed,  or  other 
manures  containmg  a  large  quantity  of  nitrogenous 
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organic  matter  are  used,  the  result  is  hot  quite  so 
simple.  For  example,  in  farm-yard  manure,  a  por- 
tion of  the  nitrogen  exists  as  ready-formed  ammonia, 
but  a  large  proportion  becomes  only  very  gradually 
converted  into  ammonia  as  the  nitrogenous  organic 
matter  decomposes  in  the  soiL  Indeed,  owing  to 
the  slow  decomposition  of  dung,  and  the  tardiness 
with  which  a  large  proportion  of  its  nitrogen  becomes 
available  for  the  use  of  the  growing  crop,  three  or 
four  times  more  nitrogen,  in  the  form  of  dung,  than 
in  active  artificial  manures,  must  be  applied  to 
produce  the  same  effect  upon  the  immediately 
succeeding  crop. 

Dung,  however,  possesses  two  very  important 
properties,  one  mechanical  and  the  other  chemical 
By  reason  of  its  bulk,  and  the  quantity  of  organic 
matter  it  contains,  it  serves  to  render  the  soil  more 
open  and  porous,  and  so  to  enable  it,  not  only  to 
retain  more  water  in  a  favourable  condition,  but  also 
to  absorb  and  retain  more  of  the  valuable  consti- 
tuents of  the  manure,  and  so  to  arrest  the  passage 
of  them  in  solution  into  the  drains.  Further,  by 
the  gradual  decomposition  of  the  organic  matter  of 
the  dung,  the  pores  of  the  soil  become  filled  with 
carbonic  acid,  which  probably  serves  to  retard  the 
oxidation  of  the  ammonia  into  the  more  soluble  form 
of  nitric  acid,  in  which  it  would  be  more  liable  to  be 
washed  out  and  lost  by  drainage.  From  these  facts 
it  will  be  readily  understood  how  it  is  that  dung  is 
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more  lasting  in  its  effects  than  the  more  active  arti- 
ficial manurea 

Still,  in  the  experiments  at  Rothamsted,  in  which 
dung  has  been  applied  year  after  year  for  many 
years  in  succession,  there  is  a  large  amount  of  the 
nitrogen  so  suppUed,  which  is  not  yet  accounted  for, 
either  in  the  increase  of  crop,  or  in  the  soiL  Whether 
there  is  an  ultimate  loss  of  a  greater  or  less  propor- 
tion of  that  supplied  than  when  ammonia-salts  or 
nitrate  of  soda  is  used ;  whether  the  loss  will  be 
proportionally  the  same  when  dung  is  used  in  more 
moderate  quantity ;  or  whether  the  loss  be  wholly, 
or  chiefly,  by  drainage,  or  in  other  ways,  the  evidence 
at  present  at  command  is  not  sufficient  to  determine 
with  certainty. 

From  the  foregoing  observations  on  the  charac- 
teristics of  some  of  the  most  important  descriptions 
of  manure,  it  will  be  obvious  how  essential  it  is  to 
take  into  careful  consideration  the  peculiar  pro- 
perties, and  probable  duration  of  effect,  of  different 
manures,  if  we  would  hope  to  arrive  at  anything 
like  a  fair  estimate  of  the  money-value  of  the 
unexhausted  residue  they  leave  in  the  soil  under 
various  circumstances. 

Guided  by  such  knowledge  as  I  possess  on  the 
various  essential  points  of  the  question,  I  will  now 
endeavour  to  estimate  the  value  of  the  unexhausted 
residue  of  various  manures,  under  the  circumstances 
in  which  that  value  is  most  likely  to  become  the 
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subject  of  claim  for  compensation.  In  all  cases,  the 
valuation  is  expressed  in  the  number  of  shillings 
estimated  to  be  due  to  the  out-going  tenant,  for 
twenty  shillings  original  manure-value.  The  valua* 
tions  given  must,  however,  be  taken  as  only 
approximately  correct;  as  the  amounts  due  might 
be  affected,  to  the  extent  of  20  per  cent.,  or  more, 
according  to  the  cleanliness  or  foulness  of  the  land, 
the  lightness  or  heaviness  of  the  soil,  the  dryness  or 
wetness  of  the  seasons,  and  the  difference  between 
the  purchasing  price  of  the  food  or  manure  and  its 
actual  and  relative  value. 

1. — Manure  from  purchased  Cattle-food. 

Claims  for  compensation  for  unexhausted  manures 
will  probably  arise  more  frequently  under  this  head 
than  under  any  other.  It  will  be  necessary,  there- 
fore, to  consider  the  question  in  some  detail. 

When  the  farmer  uses  purchased  cattle-food,  or 
food  the  produce  of  the  farm  which  he  would 
otherwise  be  justified  in  selling,  he  looks  for  his 
remuneration,  partly  to  the  increased  value  of  his 
animals,  and  partly  to  the  value  of  the  manure 
obtained  from  them.  The  increased  value  of  the 
animals  is  of  itself  seldom,  if  ever,  equal  to  the  cost 
of  the  food  consumed.  Unless,  therefore,  the  out- 
going tenant  can  rely  upon  obtaining  compensation 
for  the  value  of  the  manure  produced  from  such 
food,  he  must  either  cease  to  purchase  it,  and  feed 
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his  animals  on  the  produce  of  the  fann  alone  for  a 
year  or  two  before  he  leaves  it,  or  he  must  submit 
to  a  loss  which  sometimes  will  be  very  considerable. 

Before  we  can  approach  the  question  of  the  value 
of  the  uTiexhausted  residite  of  manure  produced  by 
the  consumption  of  purchased  (or  saleable)  cattle- 
food,  it  is  necessary  to  come  to  some  decision  as  to 
the  original  value  of  such  manure  ;  in  other  words, 
to  determine  how  much  of  the  cost  of  any  particular 
food  should  be  charged  to  the  manure  account. 

With  regard  to  the  value  of  different  foods  for 
feeding  purposes,  it  may  be  stated  in  general  terms, 
as  the  conclusion  drawn  from  hundreds  of  feeding 
experiments  with  different  descriptions  of  food,  made 
at  Rothamsted,  that,  weight  for  weight,  there  is 
very  much  less  difference  in  the  feeding-value  than 
in  the  ma7iure'Valu^  of  foods  which  are  included  in 
what  may  be  called  the  same  class.  For  instance,  it 
will  make  comparatively  little  difference,  so  far  as 
the  increase  in  the  live-weight  of  the  animal  is  con- 
cerned, whether  a  ton  of  cake,  a  ton  of  pulse,  a  ton 
of  Indian  meal,  or  a  ton  of  barley,  be  given  to  fat- 
tening oxen  or  sheep;  and  comparatively  little 
whether  a  ton  of  clover-hay,  or  a  ton  of  meadow- 
hay,  be  used.  Within  each  of  these  classes  of  food, 
however,  there  would  be  a  very  wide  difference  in 
the  value  of  the  manure  which  the  consumption  of 
a  ton  of  each  of  them  would  produce. 

Having   regard    to   the   results   of  the    feeding 
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experiments  above  referred  to,  and  taking  into  con- 
sideration the  known  average  composition  of  different 
descriptions  of  food,  an  estimate  was  made  of  what 
proportion  of  certain  of  the  constituents  in  a  ton  of 
various  descriptions  of  food  would,  on  the  average, 
be  stored  up  in  the  animal  itself^  and  what  propor- 
tion would  be  obtained  in  the  manure  produced. 
The  value  for  manure  of  those  constituents  was  then 
calculated,  and  the  results  are  given  in  the  following 
Table,  which  I  first  published  about  14  years  ago : — 

Table. — Estimated  Value  of  the  Manvre  obtained  by  the  Consumption  of 
different  Articles  of  Foodj  each  supposed  to  be  of  good  quaJlity  of  its  kind. 


Descriptioii  of  Food 

Money  value  of 
the  Manure 

from  one  Ton  of 
eadiFood 

1  Cotton-seed  Cake,  decorticated,    ... 

2  Rape  Cake,    ... 

3  Linseed  Cake, 

4  Cotton-seed  Cake,  not  decorticated, 

5  Lentils, 

6  Beans, 

7  Tares, 

8  Linseed,          ...             ...             ...             ••• 

V  AT eas,               ...              ...              .8.              ... 

10  Indian  Meal, 

11  Locust  Beans, 

12  Malt  dust, 

13  Bran,              ...             ...             ...             ... 

14  Coarse  Pollard, 

15  Fine  Pollard, 

16  Oats,                •••              ...              ...              ... 

17  Wheat, 

18  Malt,               a.t              ...              ...             ••• 

19  Barley, 

£    s.     d. 
6   10     0 
4  18     6 
4  12     6 
3  18     6 
3  17     0 
3  14     0 
3  13     6 
3  13     0 

3  2     6 

1  11     0 
12     6 

4  5     6 

2  18    0 
2  18     0 
2  17    0 
1  15     0 
1  13     0 
1  11     6 
1  10     0 
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Table — continued. 


Description  of  Food 

Money  valtie  of 
the  Manure 

from  one  Ton  of 
each  Food. 

20  Clover  Hay,  ... 

21  Meadow  Hay, 

22  Bean  Straw,  ... 

23  Pea  Straw,     ... 

24  Oat  Straw,     ... 

25  Wheat  Straw, 

26  Barley  Straw, 

27  Potatoes, 

28  Parsnips, 

29  Mangold  Wurtzel, 

30  Swedish  Turnips, 

31  Common  Turnips, 

32  Carrots, 

>             .k 

£    8.    d. 
2     5     6 
1  10     6 
10     6 
0  18     9 
0  13     6 
0  12     6 
0  10     9 

0     7    0 
0     5     6 
0     5     3 
0     4    3 
0    4    0 
0    4    0 

The  prices  given  in  the  foregoing  table  represent 
what  it  will  be  ccfnvenient  to  term  the  manure-value 
of  a  ton  of  the  different  descriptions  of  food ;  that  is 
to  say,  the  value  of  the  manure  provided  it  reached 
the  soil  without  loss,  and  was  not  subject  to  loss  by- 
drainage  before  the  growth  of  a  crop.  These  prices 
might  conveniently  be  adopted  as  a  basis  in  the 
settlement  of  claims  for  compensation  for  the  un- 
exhausted residue  of  manure  derived  from  the  con- 
sumption of  purchased  or  saleable  cattle-foods. 

Any  one  acquainted  with  the  cost,  and  the  feeding 
value,  of  the  different  foods,  will  see,  by  a  glance  at 
the  Table,  how  little  connexion  there  is  between 
either  the  cost,  or  the  feeding  value,  of  a  ton  of 
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the  different  foods,  and  what  may  be  termed  their 
manure-^alue. 

It  is  clear,  therefore,  that  it  would  be  quite  falla- 
cious to  base  a  claim  for  compensation  for  the  un- 
exhausted manure  from  purchased  food,  either  upon 
the  number  of  tons  of  food  consumed,  regardless  of 
the  description  of  that  food,  or  jipon  the  amount  of 
money  expended  in  its  purchase.  For  example, 
the  cost  of  a  ton  of  undecorticated  cotton-cake,  and 
of  a  ton  of  locust-beans,  would  be  much  about  the 
same ;  but  the  table  shows  that  the  estimated  value 
of  the  manure  from  the  consumption  of  a  ton  of  the 
cotton-cake  would  be  £3  18s.  6d.,  whilst  that  from 
a  ton  of  locust-beans  would  be  only  £1  2s.  6d* 
Hence,  the  same  outlay — according  as  a  ton  of 
the  one  or  of  the  other  of  these  two  descriptions  of 
food  were  purchased — would  resulfr  in  a  difference  of 
£2  16s.  in  the  value  of  the  manure  thereby  brought 
upon  the  farm. ' 

The  manure-value  alone  should,  therefore,  be 
adopted  as  the  basis  of  any  calculations  of  the  value 
of  the  unexhausted  residue  of  manures  derived  from 
the  consumption  of  purchased  or  saleable  cattle  food. 

Adopting  the  manure-value  of  the  different  foods, 
as  given  in  the  table,  I  will  now  endeavour  to 
estimate,  to  the  best  of  my  ability,  the  value  of  the 
unexhausted  residue  of  such  manures,  under  various 
circumstances  which  are  likely  to  occur. 

When  the  ordinary  manure  of  the  farm  is  enriched 
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by  the  consumption  of  purchased  or  saleable  cattle 
foods^  the  first  crop  grown  after  the  application  of 
such  manure  will  be  considerably  increased.  The 
second  and  third  crops  will,  according  to  circum- 
stances, be  more  or  less  benefitted ;  but,  practically 
speaking,  there  will  be  no  unexhausted  residue  left 
at  the  end  of  the  rotation. 

If  purchased  food  be  consimied  with  a  root  crop, 
and  the  out-going  tenant  take  no  crop  grown  by  the 
manure  so  produced,  he  should  be  allowed  compen- 
sation at  the  rate  of  17s.  for  every  20s.  of  the 
original  manure-value  of  the  food  if  it  have  been 
consimied  on  the  land,  or  of  only  16s.  if  consumed 
in  the  yarda  If  he  take  one  com  crop  produced  by 
such  manure,  sell  the  com,  but  leave  the  straw  on 
the  farm,  he  should  be  allowed  7s.  for  every  20s.  of 
the  original  manure-valve  of  the  purchased  or  sale- 
able food.  If  he  have  taken  a  second  corn  crop, 
leaving  the  straw,  he  should  be  allowed  Is. ;  or  if, 
instead  of  a  second  com  crop,  grass  or  hay  be  grown 
and  consumed  on  the  farm,  2s. ;  but  if  the  second 
crop,  after  the  roots,  be  hay  which  he  has  sold, 
nothing  should  be  awarded  to  him. 

If  purchased  or  saleable  food  be  consumed  on 
grass  land,  and  the  out-going  tenant  have  not  after- 
wards removed  a  crop  of  hay,  he  should  be  allowed 
18s.  for  20s.  original  manure-valve  of  the  food.  If 
he  have  taken  one  crop  of  hay,  and  consumed  it  on 
the  farm,  he  should  be  awarded  lis.,  but  if  the  hay 
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have  been  sold,  only  2s.  for  2()a  of  the  manure-value 
of  the  food.  After  a  second  year's  hay  crop,  if 
consumed,  2s.,  but  if  sold  nothing,  should  be  allowed. 
If  the  land  be  only  pastured,  and  purchased  food  be 
consumed  on  it  for  one,  two,  or  three  years  before 
leaving,  the  compensation  might  fairly  be  fixed  at 
18s.  for  20s.  original  manure-vaXu^  after  one  year,  at 
12s.  after  two  years,  and  at  4s.  after  three  years. 

2. — Farm-yard,  or  Tovm-stable  Manure. 

Farm-yard  manure,  made  from  the  produce  of  the 
farm  alone,  without  purchase  of  cattle  food,  should 
not  be  made  the  subject  of  any  claim  for  compensa- 
tion by  the  out-going  tenant,  whether  such  manure 
have  grown  a  crop,  or  remain  in  the  yards,  or  on  the 
«land.  The  cases  of  the  enrichment  of  such  manure 
by  the  use  of  purchased  cattle  food,  would  be  taken 
into  account  under  the  provisions  of  the  previous 
section. 

When  stable  manure  is  purchased  and  used  in 
large  quantities,  and  the  application  has  extended 
over  a  long  series  of  years,  as,  for  instance,  in  the 
case  of  garden  ground,  the  unexhausted  residue 
remaining  in  the  soil  is  very  great,  and  large  crops 
may  be  taken  from  such  land,  without  further 
manuring,  for  a  number  of  years  in  succession.  Such 
cases  would  require  special  consideration  and  adjudi- 
cation, if  not  provided  for  by  special  agreement,  as 
generally  would  be  the  case. 


U^iexhausted  Tillages  and  Manures.  31 

When  purchased  stable  manure  is  only  used  in 
the  moderate  quantity  usual  in  ordinary  agriculture, 
and  only  once  in  the  course  of  a  rotation  of  4  or  5 
years,  it  may  be  assumed  that  towards  the  end  of 
such  period  no  unexhausted  residue  would  remain 
which  would  be  sufficient  to  justify  a  claim  for  com- 
pensation to  the  out-going  tenant. 

If  purchased  stable  manure  be  applied  for  roots 
which  are  consumed  on  the  land,  17s.  for  every  20s. 
of  the  original  value  of  the  manure  may  be  allowed, 
but  if  the  roots  be  consumed  in  the  yards,  only  16s. 
If  one  corn  crop  be  afterwards  taken,  the  com  sold, 
but  the  straw  left  on  the  farm,  9s.  may  be  allowed ; 
if  a  second  crop  have  been  taken,  the  com  sold,  but 
the  straw  left,  3s.  should  be  allowed ;  or  if,  instead 
of  a  second  com  crop,  grass  or  hay  be  grown  and 
consumed  one  year,  5s. ;  but  if  the  hay  be  sold,  or 
the  grass  have  been  grazed  a  second  year,  only  2s. 
should  be  allowed. 

If  such  manure  be  applied  directly  for  a  com  crop, 
the  com  sold,  and  the  straw  leffc^  12s.  for  20a  of  the 
original  value  of  the  manure  may  be  awarded. 
After  a  second  com  crop,  6s. ;  or  if,  instead  of  a 
second  com  crop,  grass  or  hay  be  grown  and  con- 
sumed one  year,  8s. ;  or  if  the  first  year's  hay  be 
sold,  or  the  produce  grazed  or  consumed  a  second 
year,  only  4s.  should  be  allowed. 

If  the  manure  be  applied  directly  to  grass  land, 
and  the  produce   is   entirely  grazed,   18s.   may  be 
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allowed  after  one  year;  148.  after  two  years;  8a 
after  three  years ;  and  2s.  after  four  years.  If  the 
manure  be  appHed  to  grass  land,  and  hay  be  taken 
exclusively  for  consumption  on  the  farm,  the  allow- 
ance should  be  Kis.  after  one  year,  12s.  after  two 
years,  and  6s.  after  three  years ;  or,  if  the  hay  be 
sold,  10s.  after  one  year,  4s.  after  two  years,  but 
nothing  after  three  years,  should  be  allowed. 

3. — Bape-Cake  (Or  other  Cake)  used  as  Manure. 

When  rape-cake,  or  other  cake,  is  used  as  manure, 
a  considerable  portion  of  it  decomposes  pretty  rapidly 
in  the  soil,  and  the  more  so  the  lighter  and  more 
porous  the  soil.  It  yields  up  a  much  larger  pro- 
portion of  its  nitrogen,  and  other  manurial  consti- 
tuents, in  the  first  year  of  its  application,  than  does 
farm-yard  manure ;  and,  accordingly,  in  practice,  a 
quantity  not  containing  one-fourth  the  amount  of 
nitrogen  of  an  ordinary  dressing  of  dung  would  be 
applied  to  produce  the  same  effect  on  the  first  crop. 
An  ordinary  dressing  of  rape-cake,  therefore,  after 
the  first  crop,  leaves  a  very  much  less  unexhausted 
residue  than  an  ordinary  dressing  of  dung.  A  given 
quantity  of  nitrogen  applied  as  rape-cake,  would,  on 
the  other  hand,  be  less  rapidly  available  and  effec- 
tive, than  the  same  quantity  applied  as  nitrate  of 
soda,  sulphate  of  ammonia,  or  Peruvian  guano ;  but 
it  would  be  less  liable  to  loss  by  drainage,  and 
would,  therefore,  leave  a  larger  proportion  as  unex- 
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hausted  residue  after  the  first  crop,  than  either  of 
the  above-named  more  rapidly  active  manures. 

If  the  out-going  tenant  have  applied  cake  as 
manure  for  a  root -crop,  and  the  roots  have  been  con- 
sumed on  the  farm,  he  should  receive  compensation 
at  the  rate  of  16s.  for  20a  cost  of  the  manure  if  they 
were  consumed  on  the  land,  and  of  15s.  if  consumed 
in  the  yards.  If  a  com  crop  have  been  grown  after 
the  roots,  the  corn  sold,  and  the  straw  left,  he  might 
receive  7s.  for  20s.  cost  of  the  manure  ;  if  a  second 
com  crop,  Is. ;  or  if,  instead  of  a  second  corn  crop, 
grass  or  hay  be  grown  and  consumed,  3s. ;  but  if  hay 
be  sold,  nothing  should  be  allowed. 

If  cake  be  applied  directly  for  a  com  crop,  the 
com  sold,  and  the  straw  left,  7s.  for  20a  cost  of  the 
manure  may  be  allowed.  If  a  second  corn  crop 
have  been  taken,  la,  but  if  a  third,  nothing  should 
be  allowed.  If  instead  of  a  second  com  crop,  grass 
or  hay  be  grown  and  consumed,  after  one  year,  3a, 
or  after  two  years,  Is, ;  but  if  hay  be  sold,  nothing 
should  be  awarded. 

4. — Bones. 

Ordinary  crushed  or  half-inch  bones  decompose 
less  rapidly,  and  are,  therefore,  less  rapidly  active, 
than  finely-ground  bones.  In  either  state,  bones  are 
less  rapidly  active  than  rape-cake;  and,  like  rape- 
cake,  are  much  less  so  than  nitrate  of  soda,  ammonia- 
salts,  or  guano.     The  action  of  bones  depends,  more- 
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over,  very  much  upon  the  characters  of  the  soil  to 
which  they  are  appUeA  In  heavy  soils  their  action 
is  very  slow,  and,  therefore,  the  more  lasting ;  but 
in  light  soils  it  is  more  rapid,  and  less  lasting. 

In  the  case  of  soils  to  which  experience  has  shown 
that  bones  can  be  applied  with  effect  and  profit  for 
the  root-crop,  if  so  applied,  aud  no  crop  have  been 
grown  from  the  manure  produced  by  the  consump- 
tion of  the  roots,  the  allowance  might  be  17a  for 
20s.  original  value,  if  the  roots  have  been  consumed 
on  the  land,  or  16s.  if  consumed  in  the  yards.  If  a 
com  crop  have  been  taken  after  the  roots,  the  com 
sold,  and  the  straw  left,  8a  ;  if  a  second  com  crop, 
2s. ;  if,  instead  of  a  second  corn  crop,  grass  or  hay 
be  grown  and  consumed  one  year,  4a  ;  or  if  hay  be 
sold,  or  grass  or  hay  consumed  a  second  year,  only 
Is.  should  be  allowed. 

If  bones  be  applied  to  suitable  grass  land,  which 
is  entirely  grazed,  18s.  for  20s.  original  value  may 
be  allowed  after  the  first  year,  13s.  after  the  second, 
6a  after  the  third,  and  la  after  the  fourth  year.  If 
the  grass  be  made  into  hay  and  consumed  on  the 
farm,  16s.  after  one  year,  10s.  after  two  years,  and 
3a  after  three  years,  may  be  allowed.  If  the  hay  be 
sold,  10s.  may  be  allowed  after  the  first  year,  4s, 
after  the  second,  but  nothing  after  the  third  year. 


UnexhavMed  Tillages  and  Manures.  35 

5. — Nitrate  of  Soda. 

From  what  has  been  abeady  said  of  the  loss  of  the 
nitrogen  of  manure  by  drainage,  and  especially  of  the 
very  great  loss  that  may  arise  when  such  soluble  and 
rapidly  active  nitrogenous  manures  as  nitrate  of 
soda,  or  ammonia-sajts,  are  used,  it  will  be  readily 
understood  that,  when  they  are  employed,  we  have 
not  to  look  forward  very  far  to  reach  the  limit  of 
their  action,  and,  consequently,  the  period  at  which 
any  claim  for  compensation  for  their  unexhausted 
residue  should  cease.  This  point  is,  in  fact,  sooner 
reached  in  their  case  than  in  that  of  any  other  nitro- 
genous manures.  Next  in  order,  in  lasting  character, 
so  far  as  the  nitrogen  is  concerned,  comes  guano, 
then  perhaps  folding,  then  rape-cake,  and  then  bones ; 
whilst  farm-yard  manure  is  the  most  lasting  of  all. 

Notwithstanding  the  very  great  solubility  of 
nitrate  of  soda,  and  its  greater  liability  to  loss  by 
drainage  than  any  other  nitrogenous  manure,  some 
experiments  at  Rothamsted  have  shown  that,  after 
it  had  been  used  in  large  quantities  for  many  years 
in  succession,  considerable  benefit  accrued  to  future 
crops.  To  what  extent  this  result  was  due  to  the 
disintegration  of  the  subsoil,  by  which  it  became 
more  porous,  more  capable  of  retaining  water  in  a 
condition  favourable  for  the  growing  crop,  and  more 
permeable  to  its  roots,  and  how  much  to  the  retention 
of  nitric  acid  by  virtue  of  the  increased  porosity,  and 
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therefore  surface  for  absorption  of  the  subsoil,  there 
is  uot  su£Scient  evidence  to  show.  It  would,  indeed, 
be  quite  unsafe  to  assume  that  any  conclusions 
applicable  to  ordinary  practice  can  be  drawn  from 
these  results,  obtained  under  such  exceptional  circum- 
stances. 

It  must,  in  fact,  for  practical  purposes  be  assumed, 
that  nitrate  of  soda,  used  only  occasionally,  and  only 
in  the  moderate  quantities  usually  applied,  leaves  no 
beneficial  residue  after  the  removal  of  the  first  crop. 
Whatever  is  not  taken  up  by  the  crop  itself,  or  washed 
out  during  its  growth,  will  probably  be,  in  great  part, 
drained  away  in  the  winter  following,  leaving  at  any 
rate  but  a  small,  an  uncertain,  and  a  doubtfully 
effective,  residue. 

When  nitrate  of  soda  is  applied  for  a  corn  crop, 
the  grain  sold  by  the  out-going  tenant,  and  the  straw 
left  on  the  farm,  he  should  receive  6s.  for  20s.  cost 
of  the  manure ;  nothing  after  a  second  corn  crop ; 
but  if,  instead  of  a  second  corn  crop,  grass  or  hay 
be  grown  and  consumed.  Is. 

If  nitrate  of  soda  be  applied  to  grass  which  is 
only  pastured,  16s.  for  20s.  of  original  value  of  the 
manure  should  be  allowed  after  one  year,  10s.  after 
two  years,  and  2s.  after  three  years ;  if  hay  be  taken 
and  consumed,  14s.  after  the  first  year,  8a  after 
the  Second  year,  and  1  s.  after  the  third  year ;  but 
if  the  hay  be  sold,  2s.  after  one  year,  but  nothing 
afterwards,  should  be  allowed. 
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6. — Salts  of  Ammonia. 

The  only  salt  of  ammonia  used  to  any  extent  for 
agricultural  purposes  is  the  sulphate  of  ammonia. 
As  already  said,  this  is  used  to  a  considerable  extent ; 
but  chiefly  in  the  manufacture  of  mixed  manures. 
When  sown  in  the  autumn,  it  will  be  more  liable  to 
loss  by  drainage  than  nitrate  of  soda  sown  in  the 
spring ;  but  when  sown  in  the  spring,  it  will  probably 
be  less  liable  to  loss  by  drainage  than  nitrate  of  soda 
sown  at  the  same  time.  It  is  more  liable  to  such  loss 
in  the  case  of  light  and  porous  soils  and  subsoils, 
than  of  soils  and  subsoils  of  more  retentive  character. 

The  same  rules  for  compensation  will  be  applic- 
able to  sulphate  of  ammonia  as  to  nitrate  of  soda ; 
provided  the  circumstances  of  its  application,  as 
above  referred  to,  be  the  same. 

7. — Superphosphate  of  Lime,   made  from  Mineral 
Phosphates ;  and  other  purely  Mineral  Manures. 

It  has  been  explained  that  the  phosphoric  acid, 
and  the  potass,  of  manures  of  this  class,  are  com- 
paratively little  liable  to  loss  by  drainage,  at  any 
rate  when  applied  to  the  heavier  soils.  In  fact,  they 
leave  a  considerable  unexhausted  residue ;  but  that 
residue  is,  as  a  rule,  without  appreciable  eflect  on 
succeeding  crops,  unless  nitrogenous  manure  be 
applied  to  take  it  out.  If,  therefore,  the  crop  for 
which  the  manure  has  been  applied,  has  been  wholly 
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sold  by  the  out-going  tenant^  no  residue  will  remain 
to  which  a  money  value  can  be  assigned. 

The  most  prominent  eflect  of  superphosphate  of 
lime,  when  applied  to  a  root  crop,  is  to  cause  a  great 
development  of  root-fibres,  thus  enabling  the  plant 
to  gather  up  much  more  of  other  food  from  the  soil. 
It,  therefore,  serves  to  increase  the  immediate  effect 
of  other  manures  supplied  with  it ;  also  to  turn  to 
account  accumulations  within  the  soil,  which,  if  not 
taken  up,  would  be  liable  to  loss  by  drainage. 

When  superphosphate  has  been  applied  to  roots, 
and  no  crop  has  been  taken  from  the  manure  pro- 
duced by  their  consumption,  9a  for  20s.  of  its  cost 
may  be  allowed  if  the  roots  be  consumed  on  the 
land,  or  8s.  if  in  the  yards ;  or,  if  corn  follow  the 
roots,  the  grain  sold  and  the  straw  left,  2s.  may  be 
allowed. 

When  superphosphate  has  been  applied  for  a  corn 
crop,  the  com  sold  and  the  straw  left,  compensation 
to  the  extent  of  5s.  for  20s.  cost  of  the  manure 
might  be  granted. 

No  compensation  should  be  claimed  for  the  un- 
exhausted residue  of  superphosphate,  or  other  purely 
mineral  manures,  whenever  a  second  crop  of  any 
kind  has  been  taken  since  the  application,  excepting 
com  after  roots  as  above  specified. 
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8. — Guano,  in  its  natural  state,  or  manufactured. 

Under  the  existing  conditions  of  the  Peruvian 
Guano  Trade,  it  is  impossible  to  speak  with  any 
certainty  even  as  to  the  value  of  guano  as  a  direct 
manure.  It  must,  therefore,  be  more  difficult  still 
to  speak  definitely  as  to  the  value  of  the  residue  it 
may  leave  in  the  soil  after  the  removal  of  a  crop. 

At  one  time  the  farmer  could  calculate  upon 
receiving  guano  containing  nitrogen  equal  to  16  per 
cent,  of  ammonia ;  more  recently  he  had  to  be 
satisfied  with  1 4  per  cent.  ;  and  more  recently  still, 
not  only  a  lower  average  per  cent,  than  this,  but 
great  uncertainty  whether  he  would  receive  that 
amount,  half  as  much,  or  even  less. 

At  the  present  time,  the  agents  of  the  Peruvian 
Government  sell  some  of  their  guano  in  its  natural 
state,  which,  on  the  average,  probably  contains 
nitrogen  equal  to  about  12  per  cent  of  ammonia, 
and  from  25  to  30  per  cent,  of  phosphates;  but 
some  they  mix  with  sulphuric  acid,  and  manufac 
ture  it  into  a  substance  of  uniform  quality,  con- 
taining nitrogen  equal  to  about  10  per  cent,  of 
ammonia,  superphosphate  equal  to  about  20  per  cent, 
of  phosphate  rendered  soluble,  and  only  about  4  per 
cent,  of  phosphates  left  undissolved. 

Such  a  manufactured  guano  would  rank  in  a 
position  intermediate  between  the  more  highly  and 
purely  nitrogenous  manures  (such  as  nitrate  of  soda 
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and  sulphate  of  ammonia)  on  the  one  hand^  and  a 
superphosphate  of  lime  on  the  other ;  or,  rather,  it 
would  be  equivalent  to  a  mixture  of  the  two. 

Other  manure-dealers  also  prepare  "dissolved 
guano,"  but  of  very  varying  composition. 

From  what  has  been  said  in  regard  to  the  action, 
and  the  value,  of  different  descriptions  of  manure,  it 
will  be  readily  understood  that  the  value  of  guano 
will  depend  very  greatly  upon  the  percentage  of 
nitrogen  it  containa  The  nitrogen  in  guano,  whether 
"dissolved"  or  not,  should  be  valued  at  the  same 
rate  as  that  in  nitrate  of  soda,  or  sulphate  of 
ammonia. 

If  the  guano  have  been  "  dissolved,"  by  admixture 
with  sulphuric   acid,  the  value  of  the   phosphates* 
rendered  soluble  may  be  reckoned  as  the  same  as 
that  in  superphosphate  of  lime,  but  if  not  dissolved 
at  only  two-thirds  as  much. 

Thus,  it  will  be  obvious,  that  the  mere  price  paid 
for  guano  cannot  be  accepted  as  the  basis  upon 
which  to  calculate  the  value  of  its  unexhausted 
residue  after  it  has  yielded  a  crop.  It  is  essential 
for  the  establishment  of  a  claim  for  compensation, 
that  the  composition  of  the  guano  should  be  known, 
and  its  actual  value  calculated,  according  to — the 
amount  of  ammonia  it  contains  or  yields,  the 
amount  and  condition  of  its  phosphates,  the  price 
of  ammonia  in  sulphate  of  ammonia,  and  that  of 
soluble  phosphate  in  superphosphate. 
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If  the  guano  have  been  acted  upon  by  sulphuric 
acid,  both  its  nitrogen  and  its  phosphates  will  pro- 
bably be  more  effective  on  the  first  crop,  and  leave, 
therefore,  the  less  for  succeeding  crops,  than  if  it 
were  used  in  its  natural  state.  But  the  difference 
would  not  be  either  sufficiently  great,  or  sufficiently 
uniform  on  various  soils,  and  in  various  seasons,  to 
justify  a  difference  in  the  scale  of  valuation  of  the 
unexhausted  residue. 

If  guano,  whether  dissolved  or  not,  have  been 
used  for  roots  consumed  upon  the  farm,  and  the 
manure  so  produced  has  not  yielded  a  crop,  15a  for 
20s.  estimated  value  of  the  guano  may  be  allowed 
if  the  roots  be  consumed  on  the  land,  or  14s.  if  in 
the  yards.  If  the  manure  produced  from  the  roots 
have  yielded  a  corn  crop,  the  com  being  sold,  and 
the  straw  left,  4a  for  20a  value  of  the  guano  should 
be  allowed ;  if  a  second  corn  crop  have  been  taken, 
Is. ;  or  if,  instead  of  a  second  corn  crop,  grass  or 
hay  be  grown  and  consumed,  2s. 

If  guano,  whether  dissolved  or  not,  have  been 
directly  applied  for  a  corn  crop,  the  grain  sold, 
and  the  straw  left,  6a  for  20a  value  of  the  guano 
might  be  awarded.  If,  after  one  com  crop,  grass  or 
hay  be  grown,  and  consumed  on  the  farm.  Is.  may 
be  allowed ;  but  if  a  second  com  crop  be  taken,  or 
hay  be  cut  and  sold,  no  claim  for  compensation 
should  be  admitted. 

If  guano  be  applied  to  grass  land,  16a  for  20s. 
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original  value  may  be  allowed  after  one  year,  10s. 
after  two  years,  and  2s.  after  three  years,  if  the 
produce  be  only  grazed;  if  it  be  made  into  hay 
which  is  consumed,  14s.  after  one  year,  Sa  after  two 
years,  and  la  after  three  years ;  or,  if  a  crop  of  hay 
be  taken  and  sold,  only  2s.  should  be  allowed 

9. — Other  Manures  of  more  or  less  unkviown  com- 

position. 

Under  this  head  may  be  included — Special  grass- 
manures,  corn-manures,  root-manures,  or  other  com- 
pound artificial  manures ;  also,  dried  blood,  shoddy, 
and  some  other  refuse  matters. 

As  in  the  case  of  guano,  so  in  that  of  each  of  the 
above  manures,  the  mere  price  paid  for  it  cannot 
be  accepted  as  the  measure  of  its  value.  If  any 
claim  for  compensation  for  the  unexhausted  residue 
of  such  manures  is  to  be  made,  it  is  absolutely 
essential  that  the  composition  of  the  manure  used 
should  be  known. 

It  is  obviously  requisite  that  any  Act  by  which 
power  is  given  to  an  out-going  tenant  to  claim 
compensation  for  unexhausted  manures,  should  give 
the  person  subject  to  such  claim  power  to  ascertain 
the  composition  and  value  of  the  manures  in  respect 
to  which  the  claim  is  made.  In  all  cases,  therefore, 
in  which  it  is  intended  to  put  in  such  a  claim,  the 
person  making  it  should  be  required  to  give  notice 
to  the   landlord  that  he   is  about  to  use  certain 
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manures,  from  which  he  may  have  samples  taken  for 
analysis  if  he  desire  it 

Professor  Cameron  has,  from  time  to  time,  drawn 
attention  to  the  numerous  frauds  committed  upon 
tenant-farmers  in  Ireland,  by  the  sale  of  spurious 
manures ;  and  if  a  purchaser  do  not  take  the  trouble 
to  protect  himself  from  fraud  when  his  own  interest 
alone  is  concerned,  he  is  little  likely  to  do  so  if,  by 
afterwards  claiming  compensation  based  upon  the 
amount  of  his  outlay,  he  can  shift  a  portion  of  the 
loss  upon  some  one  else. 

The  value  of  the  manures  of  this  class  will  depend 
almost  exclusively  on  the  quantity,  and  the  condition, 
of  the  nitrogen,  and  of  the  phosphates,  which  they 
contain. 

Special  grass,  com,  root,  or  other  compound 
manures,  will  sometimes  contain  their  nitrogen  as 
sulphate  of  ammonia,  but  frequently  in  the  form  of 
shoddy,  or  other  nitrogenous  organic  matter.  If  the 
nitrogen  exist  as  sulphate  of  ammonia,  it  should  be 
valued  at  the  same  rate  as  in  that  substance.  The 
nitrogen  in  shoddy,  and  in  most  other  nitrogenous 
organic  matters  used  as  manure,  is,  however,  much 
more  slowly  effective  than  that  in  nitrate  of  soda, 
sulphate  of  ammonia,  or  guano.  As  a  rule,  therefore, 
the  nitrogen  of  manures  which  exists  as  nitrogenous 
organic  matter,  should  be  valued  at  only  from  one- 
half  to  two-thirds  the  price  of  that  in  nitrate  of  soda, 
sulphate  of  ammonia,  or  guano. 
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A  given  quantity  of  nitrogen  in  nitrogenous 
organic  matter,  being  less  rapidly  effective,  and  pro- 
bably less  liable  to  loss  by  drainage  also,  than  that 
in  nitrate  of  soda,  sulphate  of  ammonia,  or  guano, 
will,  of  course,  leave  proportionally  more  for  suc- 
ceeding cropa  The  result  will,  however,  be  so 
dependent  on  the  description  of  the  organic  matter 
employed,  the  kind  of  soil  to  which  it  is  applied,  the 
characters  of  the  seasons,  and  other  circumstances, 
and  the  residue  itself  would,  in  some  cases,  be 
so  slowly  available,  that,  practically  speaking,  the 
unexhausted  residue  from  nitrogenous  organic 
matter  applied  as  manure,  cannot  be  taken  at  a 
higher  value  in  proportion  to  the  original  value  of 
the  manure,  than  in  the  case  of  the  more  rapidly 
active  nitrogenous  manures. 

The  phosphate  of  manures  of  this  class,  if  in  the 
state  of  superphosphate,  should  be  valued  as  in 
superphosphate. 

The  following  scale  of  compensation  for  unex- 
hausted residue  might  be  adopted  when  any  of 
these  manures  are  used. 

When  applied  to  grass,  and  the  produce  has 
been  only  grazed,  16s.  for  208.  original  value  of 
the  manure,  calculated  as  above,  may  be  allowed 
after  the  first  season,  6s.  after  the  second,  but 
nothing  after  the  third.  If  hay  be  taken  and  con- 
sumed on  the  farm,  the  allowance  may  be  13s. 
after  the  first  year,  and  48.  after  the  second  year ; 
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but  if  the  hay  have  been  sold,  only  2s.  should  be 
allowed. 

When  applied  for  a  com  crop,  the  corn  being 
sold  and  the  straw  left^  6s.  for  20s.  estimated  value 
of  the  manure  should  be  allowed.  If  a  second  com 
crop  be  taken,  no  allowance  should  be  made;  but 
if,  instead  of  a  second  com  crop,  grass  or  hay  be 
grown  and  consumed,  Is.  may  be  allowed. 

When  applied  for  a  root  crop,  the  roots  consumed 
upon  the  farm,  and  the  manure  so  produced  have 
Mot  yielded  a  crop,  12a  for  20s.  of  the  value  of  the 
manure  may  be  allowed  if  the  roots  be  consumed 
on  the  land,  or  only  10s.  if  consumed  in  the  yards. 
If  a  com  crop  have  been  grown  by  the  manure  of 
the  consumed  roots,  the  grain  sold,  and  the  straw 
left  on  the  farm,  2s.  for  20a  of  the  estimated  value 
of  the  manure  should  be  allowed. 

In  the  case  of  any  compound,  or  refuse,  artificial 
manure,  containing  very  little  nitrogen,  but  a  fair 
amount  of  soluble  phosphates,  the  same  proportion 
of  the  estimated  value  of  the  manure  may  be 
allowed  for  unexhausted  residue,  as  if  it  were  a 
superphosphate.  But,  if  it  contain  very  little  of 
either  nitrogen  or  soluble  phosphates,  no  allowance 
whatever  should  be  made  for  its  use. 

The  foregoing  remarks  as  to  the  circumstances 
to  be  taken  into  consideration  in  valuing  the 
unexhausted  residue  of  the  various  compound,  or 
refuse,  artificial  manures,  of  more  or  less  unknown, 
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or  uncertain^  composition^  and  the  scales  of  compen- 
sation which  have  been  suggested,  will,  it  is  hoped, 
serve  as  some  guide  to  those  who  may  have  to  adju- 
dicate on  claims  made  in  relation  to  such  manures. 
At  the  same  time,  it  will  be  obvious  that,  owing  to 
the  great  diflTerence  in  the  composition  and  value  of 
such  manures,  no  absolute  rules  can  be  laid  down 
for  the  estimation  of  the  value  of  any  residue  they 
may  leave  in  the  soil 

10. — Liming,  Chalking^  Marling,  &c. 

Limingf,  chalkin&f,  and  marling^,  are  practices  so 
far  ftom  being  ^nemUy  req^M  or  generally 
adopted,  in  agriculture,  and  their  cost  and  value 
are  so  dependent  on  local  circumstances,  that  no 
general  rules  can  be  laid  down  for  the  valuation  of 
their  unexhausted  effects.  Still,  where  beneficially 
adopted,  they  would  imdoubtedly  be  fair  subjects 
for  compensation,  if  the  benefits  were  not  exhausted 
at  the  time  of  the  tenant  quitting  his  holding.  If 
disputed,  any  claim  should  be  settled  upon  the 
evidence,  or  might  appropriately  be  submitted  to  the 
arbitration,  of  intelligent  and  disinterested  persons 
of  local  practical  experience. 
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THE   CASE   OF  TKYE  V.   THE  DUEJS  OF  LEINSTER. 

I  will  conclude  with  a  few  observations  on  this 
case^  which,  as  has  been  already  stated,  was  the  first 
claim  of  importance  made  for  compensation  under 
the  "Landlord  and  Tenant  (Ireland)  Act,  1870/' 
for  the  value  of  unexhausted  tillages  and  manures, 
both  natural  and  artificial.  When  the  amount  and 
character  of  the  evidence  adduced  at  the  two  trials, 
the  ability  displayed  by  counsel,  the  great  care 
bestowed  on  the  subject  by  the  judges,  and  the  large 
amount  of  time  and  money  expended,  are  taken  into 
consideration,  there  can  be  little  doubt  that  the  case 
will  stand  as  a  representative  one  for  a  long  time 
to  come. 

The  real  amount  of  the  claim  for  unexhausted 
tillages  and  manures,  when  separated  from  the  other 
items  included  in  the  statement,  amounted  to  about 
£1,170,  the  farm  comprising  136  Irish,  equal  to 
about  220  statute,  acres.  A  witness  of  much 
experience,  called  by  the  plaintiff,  stated  that  he  had 
made  a  field-to-field  examination  of  the  farm,  and 
that  his  estimate  of  the  value  of  the  unexhausted 
tillages  and  manures  left  by  the  out-going  tenant 
was  £708. 

Both  on  the  trial  before  the  Chairman  of  Quarter 
Sessions,  and  at  the  hearing  of  the  appeal  before  the 
Lord  Chief  Justice  of  Ireland,  a  large  portion  of  the 
time  was  occupied  in  the  examination  of  the  plaintiff 
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and  his  witnesses,  to  prove  the  money  value  of  the 
unexhausted  tillage  and  manures  of  each  separate 
field.  At  the  latter  trial,  I  took  very  careful  notes 
of  this  evidence,  and  have  since  verified  them  bv 
comparison  with  the  printed  report  of  the  trial. 

I  propose,  first,  to  select  one  or  two  fields  for 
the  purpose  of  illustration,  to  direct  attention  to 
the  evidence  adduced  in  support  of  the  claim  for 
compensation  in  regard  to  them,  and  to  point  out  in 
what  respects  such  evidence  was  defective.  I  will 
afterwards  endeavour  to  show,  how  the  objects  for 
which  the  trial  was  instituted  could  have  been 
much  more  readily,  and  much  more  'satisfactorily, 
attained. 

Field  No.  1  was  stated  to  have  been  cropped  and 
treated  as  follows  : — 

1868 — Turnips;  manured  with  ^-inch  bones. 
1 869 — Barley ;  sown  down  with  grass  seeds. 
1870 — Meadow ;  after  the  hay,  liquid  manured. 
1871 — Pasture  ;  fed  by  sheep. 
1872 — Pasture ;  fed  by  sheep. 

Mr.  Trye's  claim  for  unexhausted  tillages  and 
manures  in  the  case  of  the  field  so  treated  was  £10 
per  acre ;  and  the  estimate  of  one  of  his  most 
experienced  witnesses  was  £8  per  acce. 

The  plaintiff  was  asked  as  to  the  quantity  of 
liquid  manure  applied.  His  answer  was  that  it 
would  be  impossible  to  calculate  it,  but  he  after- 
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wards  said  it  might  amount  to  200^000  gallons 
over  the  whole  field,  which  comprised  rather  more 
than  10  acres  Irish. 

Now,  assuming  that  the  question  was  to  be 
decided  by  tield-to-field  examination  in  this  way,  the 
evidence  as  to  this  field,  No.  1,  was  defective  for 
such  a  purpose  in  several  points  of  view. 

1.  It  was  not  stated  whether  the  turnips  were 
consumed  in  the  field,  or  removed  into  the  yards  or 
elsewhere. 

2.  Nothing  was  stated  as  to  the  quantity  of  hay 
removed. 

3.  The  composition  of  the  liquid  manure  was  not 
even  inquired  into,  and  there  was  great  uncertainty 
as  to  its  quantity. 

4.  It  was  not  stated  whether  the  animals  fed  on 
the  pasture  received,  besides  the  grass,  any  purchased 
food  or  not. 

5.  No  evidence  was  either  sought  or  given,  as  to 
whether  the  animals  were  confined  entirely  to  the 
field,  so  that  it  received  the  whole  of  their  droppings, 
or  whether  they  were,  at  night  or  at  other  times, 
removed  into  the  yards  or  to  other  fields. 

It  is  obviously  impossible,  in  the  absence  of 
evidence  on  these  points,  to  form  any  valid  estimate 
of  the  value  of  the  unexhausted  manures  left  in  the 
soil  of  this  field  at  the  end  of  1872. 

I  will  now  take  fields  Nos.  7,  8,  and  9,  said  to 
comprise  28    acres    Irish   (equal    rather    over    45 
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statute  acres),  of  which  the  treatment  had  been  as 
follows : — 

1870— Fallow. 

1871— Oats. 

1 872 — Turnips ;  artificial  manured. 

In  the  Spring  of  1 873,  the  landlord  entered  upon 
the  farm,  and  sowed  these  fields  with  barley,  witii 
artificial  manure.  Mr.  Trye's  claim  for  unexhausted 
tillages  and  manures  in  respect  to  this  land,  was 
£10  per  acre ;  and  his  principal  witness,  a  practical 
farmer  of  great  experience,  already  referred  to,  gave 
the  following  evidence  in  regard  to  these  fields : — 

"They  were  in  barley.  It  had  been  tilled  too 
late — badly  tilled  and  badly  soiled  (sown  ?) :  but  the 
estimate  I  formed  on  those  fields  was  £9  an  acre,  and 
£6  an  acre  for  the  succeeding  crop.  There  would  be 
unexhausted  tillage  and  manures  in  the  land,  after 
the  £9  an  acre  crop  had  been  taken,  to  the  amount 
of  £6,  on  the  succeeding  crop  of  the  meadow.  It 
would,  in  other  words,  after  the  barley,  give  a  crop 
of  meadow  next  year  worth  £6  an  acre. 

"The  Chief  Justice. — I  am  not  so  sure  about 
this.  It  is  not  crops  we  are  valuing,  but  the 
unexhausted  manurea  Who  took  the  barley 
crops  ? 

"  Mr.  Martin. — ^They  took  it,  my  lord. 

"Mr.  Walker. — How  could  we  get  barley  on 
the  24th  March  ? 
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"The  Witness. — It  was  under  barley  in  June, 
when  I  saw  it — of  that  I  am  certain. 

*'The  Chief  Justice. — I  may  ask  who  is  in 
possession  of  the  farm  now  ? 

"  Mr.  Walker. — The  Duke  is,  my  lord. 

"The  Chief  Justice. — And  who  sowed  the  barley  ? 

"  Mr.  Walker. — It  was  not  sown  till  after  the 
farm  was  given  up,  for  aught  we  know. 

"  The  Chief  Justice. — You  see,  Mr.  Robertson, 
we  are  considering  the  value  of  manures  left  unex- 
'  hausted  there  in    March,   and    not    the   value   of 
growing  crops  in  the  middle  of  June. 

"The  Witness. — It  would  have  made  no  differ- 
ence. I  can  form  an  opinion  as  well  one  way  as  the 
other. 

"  The  Chief  Justice. — What  they  did  to  it  since 
I  don't  know  ;  but  the  question  I  have  to  try  is  not 
the  condition  of  the  land  on  the  1 5th  of  June  last, 
but  what  was  the  unexhausted  value  of  manures 
remaining  on  the  26th  March  previoua 

"The  Witness. — And  I  say,  my  lord,  that  in 
my  opinion  the  unexhausted  manures  and  tillages  in 
these  fields,  7,  8  and  9,  are  worth  £9  an  acre,  and 
after  that  £6  an  acre  more." 

Now,  the  fields,  in  respect  to  which  this  evidence 
was  given,  were  within  a  short  distance  of  the  town 
of  Athy,  and  the  growing  barley  could  be  seen  by 
any  one  who  wished  it.     The  witness  said  he  had 
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seen  it ;  I  saw  it,  and  ascertained,  as  was  afterwards 
proved  by  the  Duke's  bailiff,  that  105  bags  of 
artificial  manure  had  been  put  in  by  him  with 
the  barley.  Yet  the  importance  of  this  fact  was 
altogether  ignored  by  the  witness. 

It  was  obvious  that  the  growing  crop  was  made 
up  of  three  factors  : — 

1.  The  natural  produce  of  the  soil  and  season. 

2.  The  unexhausted  manures  left  by  the  out-going 
tenant. 

3.  The  increase  produced  by  the  artificial  manures 
applied  by  the  landlord. 

The  appearance  of  the  crop  on  July  26  was  that 
of  by  no  means  a  large  one ;  and  if  the  sum  of 
£9  per  acre  were  the  value  of  this  portion  due  to  the 
unexhausted  tillages  and  manures,  little,  if  any, 
would  remain  assignable  to  the  natural  produce  of 
the  soil  and  season,  and  to  the  nearly  4  cwts.  of 
artificial  manure  per  acre,  which  were  directly 
applied  for  the  crop.  Yet,  beyond  this,  a  further 
£6  per  acre  was  claimed  in  respect  to  the  next 
succeeding  crop  ! 

These  two  examples  are  suflScient  to  show  that 
the  evidence  adduced  en'ed  in  two .  important  res- 
pects. It  was  both  too  minute,  and  not  minute 
enough.  If  the  object  were  to  form  a  moderately 
correct  estimate  of  the  value  of  the  unexhausted 
tillage  and  manures  of  each  separate  field,  much 
essential  evidence  was  omitted.     If  it  were  to  deter- 
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mine  the  value  of  the  unexhausted  fertility  of  the 
farm  as  a  whole,  the  discussion  of  evidence  as  to  the 
special  treatment  of  each  field  was  unnecessary,  and 
simply  diverted  attention  from  the  real  question  at 
issue. 

Let  us  now  suppose  that  one  or  more  persons, 
conversant  with  both  scientific  and  practical  agricul- 
ture, had  been  deputed  to  ascertain  the  state  of 
fertility  of  the  farm  in  1873,  when  given  up  to  the 
landlord,  compared  with  that  in  1853,  when  he  let  it 
on  lease  for  20  years,  and  to  determine  whether  any, 
and,  if  so,  what  compensation  was  due  to  the  out- 
going tenant  for  unexhausted  tillages  and  manures. 
What  would  have  been  the  proper  course  of  inquiry  ? 
First,  what  was  the  condition  of  the  farm  in  1853, 
when  let  on  lease  for  20  years  ? 

According  to  the  evidence  of  Mr.  Alexander,  who 
was,  at  the  time,  bailiflT  to  the  Duke  of  Leinster,  and 
cultivated  the  farm  for  10  years  prior  to  1853,  the 
whole  of  the  farm  had  been  •  sub-soiled  1 5  inches 
deep  during  that  period.  About  14  acres  had  only 
been  brought  into  cultivation  just  prior  to  the  com- 
mencement of  the  term  of  lease,  in  1853,  but  the 
remainder  he  farmed  on  the  five  course  rotation  of-  - 

One-fifth — Roots, 

One-fifth — Barley  (sown  down  with  seeds), 

One-fifth — Meadow, 

One-fifth — Pasture, 

One-fifth— Oats. 

E 
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The  roots  were  manured  with  from  25  to  30  tons 
of  dung,  and  3  cwts.  of  Peruvian  Guano,  per  Irish 
acre.  The  roots  and  hay  were  all  consumed  on  the 
farm,  and  no  expense  was  spared  in  the  cultivation 
during  the  10  years  it  was  in  hand.  It  would 
appear,  however,  that  but  little  purchased  food  had 
been  used.  The  tenant^  on  entry,  in  the  Autumn  of 
1853,  received  the  growing  root-crop,  a  rick  of  hay, 
30  stucks  of  oats,  and  all  the  straw  and  manure. 

These,  th^i^  were  the  conditions  under  which  the 
farm  was  entered  upon  in  the  Autumn  of  1853. 

The  farm  was  occupied  for  the  first  11  years  by 
Alexander  Dodds,  the  original  lessee  ;  then  for  3 
years  by  his  successor,  James  Cameron ;  and,  finally, 
for  6  years,  from  1867  to  1873,  by  Mr.  Trye. 

There  can  be  no  doubt  that  the  condition  of  the 
land  in  1867  was  greatly  deteriorated,  compared 
with  that  in  1 853.  But,  Mr.  Trye  being  virtually 
the  assignee  of  the  original  lease,  the  question  at 
issue  in  the  trial  was — not  the  condition  of  the  farm 
compared  with  its  state  in  1867,  when  he  entered 
upon  it,  but  with  that  in  1853,  when  the  term 
commenced. 

Let  us  now  consider  what  were  the  conditions 
under  which  the  farm  was  given  up  by  Mr.  Trye  at 
the  expiration  of  the  term  in  the  Spring  of  1 873  ? 

An  inspection  in  July,  1873,  showed  about  28 
acres  of  barley,  which  had  been  put  in  by  the 
landlord,  with  artificial  manure,  and  promised  a  fair, 
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but  by  no  means  a  heavy  crop.  There  were  about 
30  acres,  of  which  about  one-third  had  been  ploughed 
in  the  winter,  but  was  very  foul.  The  remainder 
had  not  been  touched  since  the  removal  of  an  oat- 
crop,  and  was  also  very  foul,  with  many  self-sown 
oats  growing  amongst  the  weeds.  A  small  field, 
perhaps  6  acres,  was  in  roots,  which,  like  the  barley, 
had  been  put  in  by  the  landlord.  The  remainder  of 
the  farm  was  in  grass.  The  hay  was  still  in  the 
fields,  so  that  some  estimate  of  the  crops  could  be 
formed ;  and  it  was  quite  evident  that  the  grass 
was  the  worst  where  it  had  been  the  longest  laid 
down. 

An  examination  of  the  soil  and  sub-soil,  the  latter 
being  very  light  and  stony,  showed  that  the  farm 
was  more  suited  for  tillage  than  for  pasture,  and  led 
to  the  conclusion  that  manures  generally,  and  espe- 
cially soluble  artificial  manures,  would  wash  out  very 
rapidly. 

Firsty  as  to  "  tillages,"  independently  of  manures, 
in  1853  and  1873:— 

The  term  was  from  Spring  to  Spring.  The  tenant 
did  not,  however,  enter  until  the  autumn  in  1853, 
but  the  farm  was  given  up  in  the  Spring  1873. 

In  1853,  the  landlord  had  put  in  the  roots,  and 
the  incoming  tenant  received  the  crop.  In  1853, 
the  area  under  roots  was  nearly  one-fifth  of  the 
whole  ;  but,  in  1873,  the  land  left  in  a  fit  state  for 
roots  amounted   to   only  about    6   acres.     Of  the 
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remainder  of  the  fallow  land^  only  about  one-third 
had  been  ploughed  up  by  the  out-going  tenant,  and 
the  whole  was  extremely  foul.  Lastly,  on  this  point, 
more  than  double  the  area  was  under  grass  in  1873 
than  in  1853  ;  indeed,  more  than  half  the  farm  was 
left  in  grass  by .  Mr.  Trye. 

From  this  comparison,  any  practical  farmer  would 
be  able  to  form  an  opinion  whether  the  out-going 
tenant  had  any  claim  for  compensation  for  unex- 
hausted tillages^  when  he  gave  up  the  farm  in  the 
spring  of  1873. 

Second — What  is  the  result  of  the  comparison  of 
the  condition  of  the  farm  in  1853  and  1873  in  respect 
to  unexhausted  manures  ? 

The  following  is  the  account  given  in  by  Mr. 
Trye,  of  the  purchased  cattle  food  and  manures 
which  he  had  used :  — 

From  To  ^^^^It;,^-*'       ^      Ax^ficial 

Feeding  Cattie  Mmiuk* 

£  8.  d.  £     8.  d. 

1867,  Maroh25,  -  1868,  March  25,           —  150     0  0 

1868,  March  25,  -  1869,  March  25,  110  0  0  61  10  0 

1869,  March  25,  -  1870,  March  25,       38  0  0  80     0  0 

1870,  March  25,  -  1871,  March  25,  179  0  0  28     0  0 

1871,  March  25,  -  1872,  March  25,       18  0  0  41  10  0 

1 872,  March  25,  -  1373,  March  25,  110  0  0  86     0  0 


Total,      -    455    0    0        447     0    0 
Average  annual,      -       9100  74  100 

It  has  been  already  said  that  but  little,  if  any, 
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purchased  food  had  been  employed  during  the  last 
few  years  prior  to  1853.  According  to  the  foregoing 
account,  however,  during  the  last  fiv^  years  of  Mr. 
Trye's  occupation,  he  expended  an  annual  average 
of  £91  on  "  oilcake,  meal,  and  feeding  cattle."  The 
meaning  of  the  term  "feeding  cattle"  is  not  ex- 
plained. If  it  refer  exclusively  to  purchased  food, 
the  whole  of  the  expenditure  should  be  taken  into 
consideration  in  Mr.  Trye's  favour  ;  but  if  the  sums 
named  include  the  value  of  home-grown  roots  and 
hay,  and  other  matters  incident  to  *'  feeding  cattle," 
it  would  be  quite  otherwise. 

Mr.  Alexander  stated  that,  during  the  period  of 
his  occupation,  prior  to  1853,  he  applied  3  cwts.  of 
guano  per  Irish  acre,  or  bones  to  the  same  value,  for 
the  root  crop.  Hence,  it  may  be  inferred  that  the 
expenditure  of  the  Duke  of  Leinster  for  artificial 
manures  did  not  exceed  about  £50  per  annum.  The 
balapce  in  favour  of  Mr.  Trye  would  thus  be  about 
£25  per  annum  for  purchased  manures,  or  a  total  of 
£115  10s.  per  annum  for  purchased  food  and  manure 
together — that  is,  provided  the  sums  given  in  the 
foregoing  account  refer  to  purchased  food  alone. 

From  what  has  already  been  said  as  to  the  action 
of  different  manures,  and  of  the  difficulty  of  deter- 
mining the  duration  of  their  influence,  and  conse- 
quently the  proportion  of  the  original  value  that 
will  remain  unexhausted  from  year  to  year,  it  is 
obvious,  that  the  difficulty  is  much  enhanced  if,  as 
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in  the  present  instance^  nothing  is  known  of  the 
composition  of  the  purchased  foods^  and  but  little  of 
that  of  the  iftanures  employed.  With,  however,  a 
soil  and  subsoil  so  little  retentive  as  were  those  of 
the  farm  in  question,  it  is  safe  to  conclude  that 
manures  generally  would  be  exhausted  comparatively 
quickly,  and  that  the  influence  of  their  unexhausted 
residue  would,  in  few  cases,  be  perceptible  for  more 
than  a  year  or  two  after  the  application.  Indeed, 
two  persons  of  equal  experience  and  candour  might 
differ  widely  in  the  opinion  they  would  form  on  the 
point,  upon  the  evidence  afforded  by  the  foregoing 
statements. 

Still,  according  to  the  evidence,  it  is  clear  that 
Mr.  Trye  imported,  annually,  much  more  of  both 
cattle-food  and  direct  manures  during  the  last  five 
years  of  the  lease  than  had  been  done  by  the  Duke 
of  Leinster  prior  to  the  commencement  of  the  term. 
So  far,  therefore,  Mr.  Trye's  mode  of  farming  un- 
doubtedly tended  to  improve  the  condition  of  the 
land,  and  to  accumulate  within  it  a  greater  store  of 
unexhausted  manure. 

This  condition  of  things  was,  however,  entirely 
reversed  by  the  procedure  of  Mr.  Trye  during  the 
last  two  years  of  the  lease.  Thus,  it  was  proved 
that  he  sold  off  the  farm  the  whole  of  the  manure 
produced  during  the  winters  of  1871-2,  and  1872-3 ; 
and  as  it  was  stated  that  almost  the  whole  of  the 
purchased  foods  were  consumed  in  the  yards^  the 
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manure  produced  from  them  would,  of  course,  be 
almost  wholly  lost  to  the  land.  It  was  further 
proved,  that  about  £50  worth  of  root^  were  sold  off 
the  farm. 

Any  practical  farmer  would  admit  that  the  sale 
of  the  home-made  manure  for  two  years  in  succes- 
sion, and  of  £50  worth  of  roots  from  a  holding  of 
the  limited  area  of  that  in  question,  would  be  a 
most  serious  drain  upon  the  resources  of  a  light- 
land  farm  ;  and  I  think  few  would  say  that,  under 
such  circumstances,  the  outgoing  tenant  had  any 
claim  to  compensation  for  unexhausted  manures. 

It  may  even  be  fairly  questioned  whether,  upon 
the  facts  adduced,  the  decision  of  experienced  and 
candid  arl^itrators  would  not  be,  that,  in  respect  to 
both  tillages  and  manures,  the  farm  was  in  a  worse 
condition  when  given  up  in  1873,  than  when  entered 
upon  in  1853. 


B0THAM8TU>»  St.  ALBAITB^ 

/omiMfy,  1S74. 
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